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BACKGROUND OF THE INVENTION 
Field of the Invention 

Naturally occurring receptors, such as immuno- 
globulins, enzymes, and membrane proteins have seen an 
extraordinary expansion in commercial applications over 
the last decade. With the advent of monoclonal antibo- 
dies, the usefulness of immunoglobulins has been great- 
ly expanded and in many situations has greatly extended 
prior uses employing polyclonal antibodies. However, 
in many applications, the use of monoclonal antibodies 
is severely restricted where the monoclonal antibodies 
are to be used in a physiological ( in vivo ) environ- 
ment. Since, for the most part, monoclonal antibodies 
are produced in rodents, e.g., mice, the monoclonal 
antibodies are immunogenic to other species. 

While the constant regions of immunoglobulins 
are not involved in ligand binding, the constant re- 
gions do have a number of specific functions, such as 
complement binding, immunogenicity , cell receptor bin- 
ding, and the like. There will, therefore, be situa- 
tions where it will be desirable to have constant re- 
gions which bind to cells or proteins from a particular 
species having binding regions for a particular ligand. 



35 



Relevant Literature 

Kwan _et_ al_. , J, Exp. Mod. (1 981 ) 153 :1 366-1 370 
and Clarke et_ al_. , Nucl. Aoids Res. (1 982) 1 0:7731 -7749 
describe V H and V < exons from the mouse phosphocholine- 
binding antibody-producing S107 myeloma cell line. Oi 
_et_ al_. , Proc. Natl. Acad. Sci. USA (1 983) 80:825-829, 
report that the mouse light chain gene is not expressed 
efficiently in a rat myeloma cell. 

SUMMARY OF THE INVENTION 
Chimeric mul t i-subunit receptors are provided, 
where each of the subunits is an expression product of 
a fused gene. Each fused gene comprises a DNA sequence 
from one host species encoding the region involved with 
ligand binding joined to a DNA sequence from a differ- 
ent source, either the same or a different host species, 
encoding a "constant" region providing a structural 
framework and biological properties. Introduction of 
the' fused genes into an appropriate eukaryotic host 
pfell under conditions for expression and processing 
^/provides for a functional / ass embled/ mult i-subunit re- 
ceptor product . 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure l^is a schematic diagram of J^rT^thB ^ 

chimeric mouse:human heavy chain gene vector; Jand 

~~ A 
the chimeric light chain vector. 

Figure 2 is a schematic diagram of chimeric 
human IgG anti-DNS expression vectors. 

DESCRIPTION OF THE SPECIFIC EMBODIMENTS 
Novel methods and compositions are provided, 
for production of polypeptide products having specific 
binding affinities for a predetermined ligand and pre- 
determined biological, particularly physiological, pro- 
perties, each of which are not normally associated with 
the binding region peptide sequences. Particularly, 
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multi-subuni t chimeric receptors are provided which re- 
sult from fused genes having the portion of the poly- 
peptide involved with binding of a predetermined ligand 
having an amino acid sequence substantially the same 
5 (>90% conserved) as an amino acid sequence having the 
same function from one host, while the portion involved 
with providing structural stability, as well as other 
biological functions, being analogously derived from a 
different host. The resulting composition can be 

10 either an inter- or intraspecies chimera. At least two 
fused genes are involved, which genes are introduced 
into an appropriate eukaryotic host under conditions 
for expression and processing, whereby the fused genes 
are expressed and the resulting subunits bound together, 

15 resulting in an assembled chimeric receptor. 

The receptors prepared in accordance with the 
subject invention will be multi-subunit , where the 
units are held together either by non-covalent binding 
or a combination of non-covalent and covalent binding, 

20 particularly disulfide linkages through cysteine, and 
having at least one binding site, usually at least two 
binding sites, and not more than about ten binding 
sites. Receptors of interest include both B-cell and 
T-cell receptors, more particularly, immunoglobulins, 

25 such as IgM, IgG, IgA, IgD and IgE, as well as the 

various subtypes of the individual groups. The light 
chain may be < or X. The heavy chains are referred to 
as u> Y> a, 6, and e. 

In discussing the two regions of each subunit, 

30 the two regions will be referred to as "variable" and 

"constant" by analogy to immunoglobulins. The variable 
region is the region involved with ligand binding and, 
therefore, will vary in conformation and amino acid 
sequence depending upon the ligand. The region will 

35 usually be composed of a plurality of smaller regions 
(hypervariable or complementary determining regions), 
involving a region having as its primary function bind- 
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ing to the ligand (V) and a region associated with 
joining the V region to the constant region , the join- 
ing region (J). There may also be a hypervariable re- 
gion joining the V and J regions, the diversity region 
5 (D) . These regions are related to gene segments ob- 
served in the genes encoding immunoglobulin variable 
regions . 

The constant region wi 11 not be associated 
with ligand binding and will be relatively limited in 

10 the variations in its conformation and amino acid se- 
quence within any one species and within any one class, 
each class generally having from 1 to 4 subclasses. 
Each constant region is specific for a species. Within 
the classes there will be allotypes, individual poly- 

15 morphisms within a class within a species. 

The varible region of the immunoglobulins will 
be derived from a convenient mammalian source, which 
may be a rodent, e.g., mouse or rat, rabbit, or other 
vertebrate, mammalian or otherwise, capable of produc- 

20 ing immunoglobulins . The constant region of the immuno- 
globulin, as well as the J chain for IgM and IgA (not 
the same as the J region of the heavy or light immuno- 
globulin chain) , will be derived from a vertebrate 
source different from the source of the variable re- 

25 gion, particularly a mammalian source, more particular- 
ly primate or domestic animal, e.g., bovine, porcine, 
equine, canine, feline, or the like, and particularly, 
humans. The different source of the constant region 
can be either from a different species or from the same 

30 species as the mammalian source utilized to provide the 
variable region. Thus, the constant region of the re- 
ceptor will normally be chosen in accordance with the 
purpose of the receptor. For example, where the recep- 
tor is to be introduced into the host, the constant 

35 portion will be selected so as to minimize the immune 
response of the host to the receptor and to optimize 
biological efficiency, such as complement fixation or 
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physiological half-life (catabolism ) . Where the recep- 
tor is to bind to particular cell membrane surface re- 
ceptors, the constant region will be chosen in accor- 
dance with the host of the receptor recognition site. 

The fused gene derived from the two host 
sources will be prepared by joining the 5 '-end of a se- 
quence encoding the constant region in reading frame to 
the 3'-end of a sequence encoding the variable region. 
(In referring to 5 f or 3' for a double strand, the di- 
rection of transcription is with 5 f being upstream from 
3 f .) With immunoglobulins, two fused genes will be 
prepared, one for the light chain and one for the heavy 
chain. With T-cell receptors, the two fused genes will 
be for each of the two chains involved in the formation 
of the T-cell receptor. The DNA sequences employed for 
iprepartion of the fused gene may be derived from a var- 
iety of sources . These sources include genomic DNA, 
cDNA, synthetic DNA, and combinations thereof. The v 
genomic DNA may or may not include naturally occurring 
introns ♦ 

The DNA obtained from natural sources, namely 
the genomic DNA or cDNA, may be obtained in a variety 
of ways. Host cells coding for the desired sequence 
may be isolated, the genomic DNA may be fragmented, 
conveniently by one or more restriction endonucleases , 
and the resulting fragments may be cloned and screened 
with a probe for the presence of the DNA sequence cod- 
ing for the polypeptide sequence of interest. For the 
variable region, the rearranged germline heavy chain 
DNA will include V, D, and J regions, including the 
leader sequence, which may be subsequently removed as 
well as any introns. The rearranged germline light 
chain coding DNA will include the V and J regions in- 
cluding the leader sequence, as well as any introns 
which may be subsequently removed. The particular 
source of the exons defining the domains and the manner 
of splicing, where introns are present, is not germane 



to this invention. Once the cloned fragment has been 
identified which contains the desired DNA sequence, this 
fragment may be further manipulated to remove superfluous 
DNA, modify one or both termini, remove all or a portion 
5 of intervening sequences (introns), or the like. 

In providing a fragment encoding the variable 
region, it will usually be desirable to include all or 
a portion of the intron downstream from the J region. 
Where the intron is retained, it will be necessary that 

10 there be functional splice acceptor and donor sequences 
at the intron termini. The gene sequence between the J 
(joining region) and the constant region of the fused 
gene may be primarily the intron sequence associated 
with (1) the constant region, (2) the J region, or (3) 

15 portions of each. The last may be a matter of conveni- 
ence where there is a convenient restriction site in 
the introns from the two sources. In some instances, 
all or a portion of the intron may be modified by dele- 
tion, nucleotide subs titut ion (s ) or insertion, to en- 

20 hance ease of manipulation, expression, or the like. 

When the variable region is chosen to be syngeneic with 
the host cells employed for expression, all or at least 
about 80? of the intron sequence can be selected from 
the naturally occurring intron sequence associated with 

25 the J region. In some instances it will be necessary 
to provide adapters to join the intron or truncated , 
intron to the constant region. By cleaving within the 
intron, the variable region will be separated from its 
natural constant region. 

30 Alternatively, it may be desirable to have the 

fused gene free.of_the intron between the variable and 
constant regions. Thus, the 3' terminus will be at or 
in the joining region. Normally all or a portion of 
the J region will be associated with the host providing 

35 the variable region. By restriction enzyme analysis or 
sequencing of the J region, one can select for a par- 
ticular site for the 3 1 terminus of the variable 
region. 
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Alternatively, one can use an exonuclease and 
by employing varying periods of digestion, one can pro- 
vide for varying 3 9 -termini , which can then be used for 
linking to the constant region and selection made for a 
5 functional product in a variety of ways. For example, 
where joining of the variable region to the constant 
region results in a unique restriction site, the fused 
DNA fragments may be screened for the presence of the 
restriction site. 

10 Alternatively, it may be found desirable to 

include an adapter or linker to join the variable 
region to the constant region, where the adapter or 
linker may have the same or substantially the same 
sequence, usually at least substantially the same 

15 sequence, of the DNA sequence of the two fragments 

adjacent the juncture. The adapter or linker will be 
selected so as to provide for the two sequences to be 
in common reading frame. Furthermore, by employing 
adapters, one could add an additional degree of vari- 

20 ability in the binding affinity of the chimeric recep- 
tor, by providing for the expression of different amino 
acids in the J region. 

The joining of the various fragments is per- 
formed in accordance with conventional techniques, em- 

25 ploying blunt-ended or s taggered-ended termini for li- 
gation, restriction enzyme digestion to provide for 
appropriate termini, filling in of cohesive ends as 
appropriate, alkaline phosphatase treatment to avoid 
undesirable joining, and ligation with appropriate 

30 ligases. 

For cDNA, the cDNA may be cloned and the re- 
sulting clone screened with an appropriate probe for 
cDNA coding for the desired variable or constant re- 
\^ gion. Once the desired clone has been isolated, the 
35 ^§DNA may be manipulated in substantially the same man- 
ner as the genomic DNA. However, with cDNA there will 
be no introns or intervening sequences. The cDNA is 
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cleaved at or near the juncture of the variable region 
with the constant region so that the variable region is 
separated from the constant region and the desired re- 
gion retained. Where a convenient restriction site ex- 
ists, the cDNA ^may be digested to provide for a frag- 
ment having the appropriate terminus. The restriction 
site may provide a satisfactory site or be extended 
with an adapter. Alternatively, primer repair may be 
employed, where for the variable region a complementary 
10 /sequence to the site of cleavage and successive nucleo- 
tides in the 3 f direction of the complementary sequence 
is hybridized to the sense strand of the J^DNA^ and the 
nonsense strand replicated beginning with the primer 
and removal of the single-stranded DNA of the sense 
15 strand 3' from the primer. The reverse is true for 

the constant region. Other techniques may also suggest 
themselves. Once the fragment has been obtained having 
;he predetermined 3 f or 5 f terminus, as appropriate, it 
lay then be employed for joinin g to the other region. 
20 v Finally , one"6r both'" of the regions may be 

synthesized and cloned for use in preparing the fused 
gene. For the most part, the same or substantially the 
same constant region can be repetitively used, so that 
a library of constant regions may be established which 
25 can be selected for joining to variable regions. Thus, 
the constant regions would have an appropriate 5' ter- 
minus for joining directly or through an adapter to a 
variable region . 

In order for expression of the fused gene, it 
30 will be necessary to have transcriptional and trans- 
lational signals recognized by an appropriate eukary- 
otic host. For the most part, desirable eukaryotic 
hosts will be mammalian cells capable of culture in 
vitro , particularly leukocytes, more particularly mye- 
35 loma cells, or other transformed or oncogenic lympho- 
cyte, e.g., EBV transformed cells. Alternatively, non- 
mammalian cells may be employed, such as fungi, e.g., 
yeast, filamentous fungi, or the like. 
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The DNA sequence coding for the variable re- 
gion may be obtained in association with the promoter 
region from genomic DNA. To the extent that the host 
cells recognize the transcriptional regulatory and 
5 translational initiation signals associated with the 
variable region, then the region 5 T of the variable 
region coding sequence may be retained with the vari- 
able region coding sequence and employed for transcrip- 
tional and translational initiation regulation. 

10 The contiguous non-coding region 5 T to the 

variable region will normally include those sequences 
involved with initiation of transcription and trans- 
lation, such as the TATA box, capping sequence, CAAT 
sequence, and the like. Usually the 5 ' -non-coding 

15 sequence will be at least 150bp, more usually at least 
200bp, usually not exceeding about 2kbp, more usually 
not exceeding about 1kbp. 

The non-coding region 3 f to the constant re- 
gion may be retained for its transcriptional termina- 

20 tion regulatory sequences, such as termination and 

polyadenylation . Thus, by retaining the 3 f -region na- 
turally contiguous to the DNA sequence coding for the 
constant region, the transcriptional termination sig- 
nals may be provided for the fused gene. Where the 

25 transcriptional termination signals are not satisfac- 
torily functional in the expression host cell, then a 
3* region functional in the host cell may be substi- 
tuted. Conveniently, the non-coding 3 1 region may be 
obtained from a non-coding contiguous 3 T region of a 

30 constant region from the expression host. The 3 f -non- 
coding region may be joined to the constant region by 
any of the means described previously for manipulation 
and ligation of DNA fragments. This region could then 
be used as a building block in preparing the fused gene. 

35 The fused gene for the most part may be depic- 

ted by the following formula: 
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TIR-(LS) e -V f -(Vl ) a -(D) b -(Di ) c -J-(I) d -C-TTR 
wherein : 

TIR intends the transcriptional regulatory and 
5 translational initiation region and is generally of at 
least about 1 50bp and not more than about 2kbp, which 
may be in whole or in part the sequence naturally 
joined to the V coding region; 

LS refers to a DNA sequence encoding a leader 
10 sequence and processing signal functional in the ex- 
pression host for secretion and processing for removal 
of the sequence; this leader sequence can contain an 
intron, as is known in the art to occur; 

e is 0 or 1 ; 

15 V is a segment coding for the variable domain 

in reading frame with LS, when LS is present; 
f is 0 or 1 ; 

D is a segment coding for the diversity domain 
and is present for the heavy chain (b = 1 ) and is absent 
20 for the light chain (b=0); 

J is a segment coding for the joining region; 

Vi and Di are introns associated with the 
letter-indicated coding segments having functional 
donor and acceptor splicing sites ; 
25 a, b and c are the same or different and are 0 

or 1, wherein when b is 0, c is 0; a, b, and c are all 
preferably 0; 

I is an intron which may be naturally contig- 
uous to the J segment or naturally contiguous to the C 
30 domain or a combination of fragments from both, or a 
fragment thereof, desirably including an enhancer se- 
quence functional in said expression host, or I may be 
foreign in whole or in part to the J and C segments; 

d is 0 or 1 (preferably 0); 
35 C is the constant domain and may code for a u, 

Y, 5, a or e chain, preferably y, Y, or a, usually in- 
cluding at least 8056 of the constant region sequence, 
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and may be the same as or a modified naturally occur- 
ring allot ype or an altered constant region encoding an 
improved protein sequence ; and 

TTR is the transcriptional termination region 
5 providing for transcriptional termination and polyaden- 
ylation which may be naturally associated with C or may 
be joined to C, being functional in the expression host; 
usually being at least about 100bp and may be 1kbp or more. 

Fused genes lacking, or containing modifications 

10 in, the hinge region or other immunoglobulin constant 
region domains can also be prepared, in like manner to 
the modifications described above, in which case the 
formula will be as shown above but with the hinge re- 
gion of the constant chain being absent or modified. 

15 The constructs for each of the different sub- 

units may be joined together to form a single DNA seg- 
ment or may be maintained as separate segments, by 
themselves or in conjunction with vectors. 

The subunit constructs may be introduced into 

20 a cell by transformation in conjunction with a gene al- 
lowing for selection where the construct will become 
integrated into the host genome. 

A large number of vectors are available or can 
be readily prepared which provide for expression in a 

25 host, either by maintenance as an extrachromosomal ele- 
ment or by integration into the host genome. For a 
mammalian host, a wide variety of vectors are known 
based on viral replication systems, such as Simian vi- 
rus, bovine papilloma virus, adenovirus and the like. 

30 These vectors can be used as expression vectors where 
transcriptional and translational initiation and ter- 
mination signals are present and one or more restric- 
tion sites are available for insertion of a structural 
gene. In addition, the vectors normally have one or 

35 more markers which allow for selection of host cells 
which contain the expression vector. The marker may 
provide for prototrophy to an auxotrophic host; biocide 
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resistance, e.g., resistance to antibiotics, such as 
G418, or heavy metals, such as copper; or the like. If 
desired, expression vectors can be prepared by joining 
the various components, such as the replication system, 
5 markers, and transcriptional and translat ional regula- 
tory initiation and termination signals in conjunction 
with the fused gene. Frequently, a vector will include 
a prokaryotic replication system, which allows for 
cloning, manipulation, purification, and expansion of 

10 the desired DNA sequence. 

A wide variety of transcriptional and transla- 
tional regulatory sequences may be employed, depending 
upon the nature of the host. The transcriptional and 
translat ional regulatory signals may be derived from 

15 viral sources, such as adenovirus, bovine papilloma vi- 
rus, Simian virus, or the like, where the regulatory 
signals are associated with a particular gene which has 
a high level of expression. Alternatively, promoters 
from mammalian expression products, such as actin, col- 

20 lagen, myosin, etc., may be employed. Transcriptional 
initiation regulatory signals may be selected which al- 
low for repression or activation, so that expression of 
the fused genes can be modulated. Of interest are reg- 
ulatory signals which are temperature-sensitive so that 

25 by varying the temperature, expression can be repressed 
or initiated, or are subject to chemical regulation, 
e.g., metabolite . 

Once the vector DNA sequence containing the 
fused gene has been prepared for expression, the DNA 

30 construct may be introduced into an appropriate host. 

Various techniques may be employed, such as protoplast 
fusion, calcium phosphate-precipitation, or other con- 
ventional technique. After the fusion, the cells are 
grown in a selective medium or are phenotypically sel- 

35 ected leaving only cells transformed with the DNA con- 
struct. Expression of the fused gene results in assem- 
bly to form the receptor. To date, expression has been 
accomplished in lymphocytes. 
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The host cells will for the roost part be im- 
mortalized cells, particularly myeloma or lymphoma 
cells. These cells may be grown in an appropriate nu- 
trient medium in culture flasks or injected into a syn- 
5 geneic host, e.g., mouse or rat, or immunodef icient 
host or host site, e.g., nude mouse or hamster pouch. 
Particularly, the cells may be introduced into the ab- 
dominal cavity for production of ascites fluid and har- 
vesting of the chimeric receptor. Alternatively, the 

10 cells may be injected subcutaneously and the antibodies 
harvested from the blood of the host. The cells may 
be used in the same manner as hybridoma cells. See 
Diamond _et_ al_. , N. Eng. J. Med. (1 981 ) 303*1 :1 3^^ and 
Kennatt , McKearn and Bechtol (eds . ) , Monoclonal Anti- 

1 5 bodies: Hybridomas--A New Dimension in Biologic Anal- 
ysis , Plenum, 1980, which are incorporated herein by 
reference . 

Where a leader is present with a processing 
signal for secretion and selective cleavage of the 

20 leader (signal) sequence, the resulting assembled re- 
ceptor will be secreted into the nutrient medium of the 
transformed cells and may be harvested. Where secre- 
tion does not occur, after sufficient time for the re- 
ceptor to be expressed in reasonable amounts, the cells 

25 may be killed, lysed, and the receptors isolated and 

purified. Where transcriptional initiation can be mod- 
ulated, the cells may be grown to high density under 
non-permissive conditions , followed by growth under 
permissive conditions where the receptor is expressed. 

30 The receptors may be naturally glycosylated, 

unnaturally glycosylated or be free of glycosyl groups, 
depending on the host, conditions of cellular growth 
and subsequent treatment. Where a mammalian host cell 
is employed for expression, usually natural glycosyla- 

35 tion will occur. Glycosylation can be prevented by an 
appropriate inhibitor, e.g., tunicamycin. Alternative- 
ly t glycosyl groups may be removed by hydrolysis, e.g., 
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enzymatic hydrolysis using hydrolases. In expression 
hosts other than mammalian cells, unglycosylated or un- 
natural glycosylated receptors may be obtained. 

The receptor may be isolated and purified in 
accordance with conventional conditions, such as ex- 
traction, precipitation, chromatography, affinity chro- 
matography, electrophoresis, or the like* By employing 
antibodies specific for the constant region(s), affini- 
ty chromatography will allow for concentration and pur- 
ification of the chimeric receptor. 

The chimeric receptors can be used in the same 
manner as other receptors for binding to specific li- 
gands in diagnostic assays, affinity chromatography or 
the like. In addition, because a chimeric receptor of 
substantially reduced immunogenici t y can be produced, 
the chimeric receptors can find use in therapy, for 
passive immunization for in vivo imaging, for specific 
treatment of diseased cells, or the like. For in vivo 
imaging, the chimeric antibody will normally be conju- 
gated to a radionuclide, e.g., technetium, rhenium, or 
the like. For biocidal activity, the antibody may be 
joined to the A-portion of toxins, liposomes containing 
biocidal reagents, radionuclides, or other biocidal 
agent. Alternatively, the antibodies can be used in 
combination with the host immune system, e.g., comple- 
ment, due to the presence of the native constant re- 
gion. In vitro , the subject chimeric antibodies can be 
used in conjunction with complement to remove particu- 
lar cells from a mixture of cells, where the target 
cells have a ligand complementary to the binding site 
of the chimeric antibody. 

The following examples are offered by way of 
illustration and not by way of limitation. 
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Example 1 
Materials and Methods 

Chimeric Genes 
i The cloned S1 07 variable region (heavy) (VH) 

xland S107 V< variable region (light, kappa) genes were 
obtained from Dr. Matthew Scharff (Dept. of Cell Biol- 
ogy, Albert Einstein College of Medicine, Bronx, NY 
10641). The S107 VH gene was spliced to human IgG1 and 
IgG2 constant region genes using Sail linkers as shown 
10 in Figure 1A. Both constructs were inserted into the 
rector pSV2AH-gpt (Oi et al . , Proc. Natl. Acad. Sci . 
{USA (1 983) J50_:825-829; Mulligan and Berg, Science 
[(1 980) 209 :1 422-1 427) . The S1 07 Vk gene was spliced to 
[the human < gene at a unique Hind lll site located in 
15\|the large intron between the Jk and Ck exons as shown 

in Figure 1B. This chimeric light chain gene construct 
was inserted into both pSV2AH-gpt and pSV2-neo plasmid 
vectors (Mulligan and Berg, Proc . Natl * Acad . Sci . USA 
(1981) 7j5_:2072-2076) and pSV1 84AH-neo plasmid vectors 
20 (Oi and Morrison, Biotechni ques (1986) 4:214-221). 




Transf ection 

Protoplast fusion and calcium-phosphate 
(CaP0i|) precipitation techniques (Oi et al . , (1 983) 
25 supra ; Sandr i-Goldin et al . , Mol . Cell. Biol. (1981) 

Jj743-752; Chu and Sharp, Gene (1980) J_3.: 1 97-202) were 
used to transfect these chimeric immunoglobulin genes 
into the J558L myeloma cell line (a lambda (A) light 
chain producing mouse myeloma cell line) and the non- 
30 immunoglobulin-producing An derivative of the P3 mye- 
loma cell line. Mycophenolic acid (Gibco Laboratories, 
Santa Clara, CA 95050) was used for selection of cells 
transfected with pSV2AH-gpt vectors as described pre- 
viously (Oi et al . , (1983) supra ; Ochi et al . , Proc . 
35 Natl. Acad. Sci. USA (1 983) 80_: 6351 -6355) ♦ G41 8 (Gibco 
Laboratories) at 1 . Omg/ml was used for selection of 
cells transfected with pSV2-neo vectors (Mulligan and 
Berg, (1980) supra ) . 



1 6 * 

When both light and heavy chimeric genes were 
transf ected into the J558L cell line using protoplast 
fusion techniques, light and heavy chimeric immunoglob- 
ulin genes were transf ected sequentially using G41 8 
5 selection for the chimeric light chain gene vector and 
mycophenolic acid for the chimeric heavy chain gene 
vector. The protoplast fusion transfection procedure 
used was as described previously (Oi et al . , (1983) 
supra ) . 

10 Transfection using the calcium phosphate pre- 

cipitation procedure was done by mixing 40yg of both 
chimeric light and chimeric heavy chain pSV2AH-gpt vec- 
tors and transfecting a total of 80yg of plasmid DNA 
into 5x10^ cells, Mycophenolic acid was used to select 

15 for transformed cell lines as described previously (Oi 
_et_a^- , ( 1 983) supra ) . 

Ant i gen- binding 

Phosphocholine (PC) binding of antibody secre- 
20 ted into the culture supernates of transfected cell 

lines was analyzed using a solid-phase radioimmunoassay 
described previously (Oi and Herzenberg, Mol. Immunol. 

1(1 979) JM5_:1 005-101 7) . PC-binding antibodies in biosyn- 
thet i cally-labeled culture supernates and cell lysates 
of transfected cell lines also were analyzed by binding 
the biosynthetically-labeled antibody to PC-coupled to 
Sepharose 4B (Pharmacia Fi ve ChamicaJLa . Piscataway, NJ) 
and then eluting the bound antibody with PC-hapten. 
The bound and eluted antibody was examined by SDS-poly- 
30 acrylamide gel electrophoresis (SDS-PAGE). Biosynthe- 
tic-labeling procedures were done as described previ- 
ously (Oi ^ al_. p J. Exp. Med. (1 980) 1 51 ;1 260-1 27 1 *) * 

Idiotype Analysis 
35 Three hybridoma ant i-idiotope antibodies, ob- 

tained from Dr. Matthew Scharff (Dept. of Cell Biology, 
Albert Einstein College , of Medicine, Bronx, NY), were 
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\ used to analyze the variable heavy- variable light ( VH^_ 
VL) domain structure of the chimeric human anti-PC an- 
tibodies. These antibodies, recognizing three indepen- 
dent idiotopes , were used to immunopreci pi tate biosyn- 
5 thetically-labeled material eluted with PC from the PC- 
Sepharose 4B matrix. Immunoprecipitates were analyzed 
by SDS-PAGE. 



Immunoglobulin Chain Composition 

10 Monoclonal anti-human IgG and anti-human k 

antibodies (Becton-Dickinson Monoclonal Center, Mt . 
View, CA) were used to immunopreci pi tate biosyntheti- 
cally-labeled chimeric human anti-PC antibodies for 
analyses using two-dimensional non-equilibrium pH 

15 gradient polyacrylamide gel electrophoresis (NEPHGE) 
(Oi and Herzenberg, (1979) supra ) . PC-coupled to 
Sepharose 4B also was used for immunoprecipitations . 



Immunoglobulin Heavy Chain Glycosylat ion 
20 Tunicamycin (Calbiochem-Behring , San Diego, 

CA) was used to inhibit asparagine-linked glycosylat ion 
of biosynthetically-labeled antibody from mouse cell 
lines producing mouse:human chimeric immunoglobulins 
(Oi et al . , (1980) supra ) . PC-binding antibody from 
25 tunicamycin-treated cells was analyzed by SDS-PAGE. 

Procedures used for tunicamycin treatment were as de- 
scribed previously (0i_et_aJ^., (1 980) supra ) . 

Chimeric Mouse;Human Antibody Production in Mice 
30 Transformed J558L cells producing chimeric 

mouseihuman antibody were injected subcutaneously into 
BALB/c mice (10^ cells/mouse). Sera from tumor-bearing 
mice were analyzed for human anti-PC antibody by a sol- 
id-phase radioimmunoassay described previously (Oi and 
35 Herzenberg, (1979) supra ) and by Immunoelectrophoresis 
using a polyclonal anti-human antiserum. 
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Results 

Expression of chimeric mouse V:human C region 
genes in transfected mouse myeloma cells J558L and the 
non-immunoglobulin-producing P3 myeloma cell lines was 
obtained. When both light chain and heavy chain chi- 
meric genes were transfected into the same cell, tetra- 
meric Ul2L22^antigen-binding antibodies were obtained. 
Autoradiograms of two-dimensional NEPHGE analyses of 
the chain composition of biosynthesi zed and secreted 
antibody molecules bound and eluted from phosphocho- 
line-Sepharose showed the formation of mixed molecules, 
including the endogenously produced J558L X light chain. 
Each polypeptide chain had the expected charge and rel- 
ative molecular weight. Identical two-dimensional gel 
analyses results were obtained with immunoprecipi tates 
with monoclonal anti-human k and IgG antiodies. Simi- 
lar results were obtained from immunoprecipi tates of 
human IgG 2 (ic) antibodies produced by transfected P3 
cell lines. Since the non-immunoglobulin-producing 
parental P3 cell line does not produce endogenous im- 
unoglobulin polypeptide chains, as expected only the 
chimeric mouse:human heavy and light chains are seen on 
the autoradiograms . 

Phosphocholine-binding by the chimeric anti- 
body produced in the J558L cell line was the result 
from specific association of the chimeric immunoglobu- 
lin light and heavy polypeptide chains, i.e., the VH 
and Vk domains of the S1 07 myeloma protein connected to 
human constant region polypeptides. This was deter- 
mined by measuring PC-binding by immunoglobulins pro- 
duced by J558L cells transfected with the mouse: human 
chimeric heavy chain gene. PC-binding was never ob- 
served from antibody secreted by transfected J558L 
cells expressing only the chimeric heavy chain and the 
endogenous J558L X light chain (data not shown). Chi- 
meric antibodies produced in the transfected non-im- 
munoglobulin-producing P3 cell line also were shown to 



/bind PC-Sepharose . In view of the low binding affinity 
I of the parental mouse S107 antibody, analyses of appro- 
(\ I priate polypeptide folding of mouse^VH ajid Vtc domains 
v in the novel environment of human constant regions 
5 polypeptide chains were done by determining the pre- 
sence of idiot ypes known to occur on the parental S107 
PC-binding antibody molecule. Three monoclonal anti- 
idiotope antibodies, each recognizing a distinct epi- 
tope on the light and heavy variable region domains and 
10 an epitope defined by the presence of both light and 

heavy variable region domains, were found to react with 
the mouseihuman chimeric anti-PC antibodies. This 
strongly supports the fact that the mouse S107 antigen- 
binding domains have folded into their intended 
15 structures. 

J. Glycosylat ion of the mousechuman chimeric an- 

tibodies in mouse myeloma cells was analyzed by measur- 
ing the relative molecular weight ( Mr ) of antibodies 
biosynthesized in the presence ancffalDsence of tunicamy- 
20 cin, a known antibiotic inhibitor of asparagine-linked 
glycosylation . Autoradiograms of SDS-PAGE analysis of 
the chimeric heavy and light chains produced in mouse 

\ myeloma cells in the presence or absence of tunicamycin 
showed the lower relative Mr of the heavy chain synthe- 
25 sized in the presence of tunicamycin as expected if a 
single N-linked carbohydrate was absent from the poly- 
peptide chain. From these data it is concluded that 
the mouse myeloma cell appropriately glycosylates the 
human heavy chain. 
30 When transfected J558L cells producing the 

human IgG2(<) chimeric anti-PC antibody were grown as a 
subcutaneous tumor in BALB/c mice, analysis of the sera 
of these mice showed significant human IgG2(«:) anti-PC 
binding antibody production by radioimmunoassay. Poly- 
35 clonal anti-human antiserum demonstrated the presence 
of significant quantities of human immunoglobulin in 
the sera. Based on comparison with prior experience 




20 

r with mouse Jivbr i-donra - ant i body production in mice, the 
amount of immunoglobul in visualized by immunoelect ro- 
phoresis analysis of mi ce bearing tumors of the trans- 
fected J558L cell line was similar to the lower levels 
5 of production seen with other mouse hybridoma tumor 
cell 1 ines . 

Analysis showed that fewer than about 10% of 
the transfected cell lines produced both chimeric heavy 
and light chain polypeptides. Among transf ormants gen- 
10 erated by protoplast fusion, both gpt and neo biochemi- 
cal markers were expressed at expected frequencies. 
However, chimeric light chain expression was infrequent. 
In co-transf ection experiments using the CaPO^ precipi- 
tation protocol, the same phenomenon was observed, 
15 Based on prior experience with co-expression 

of gene products in transformed cell lines, it appears 
that the appropriate transcriptional or translat ional 
controlling elements are absent in either the chimeric 
light chain gene construct or in the mouse myeloma cell 
20 \\ lines used. The mouse V< gene promoter is coupled to 

the presumed human intronic DNA sequences that are hom- 
ologous to the known mouse intronic controlling element 
(ICE) or immunoglobulin "enhancer" element (Morrison 
and Oi, Ann. Rev. Immunol. (1984) 7^:239-256). The chi- 
meric m ouse : Jr uiaan heavy chain gene is not constructed 
in this manner and, in contrast, is expressed effici- 
ently. The mouse heavy chain intronic controlling ele- 
ment (ICE) sequences are included and human sequences 
excluded in this construct. The basis for the low 
30 level of expression of the light chain is subject to 
speculat ion . 

It is evident from the above results that chi- 
meric receptors, as illustrated by immunoglobulins, can 
be produced where the variable regions may be obtained 
from one host source and the constant regions obtained 
from another host source. Where the immunoglobulins 
,are to be\use\in vivo, this can provide for numerous 
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advantages, such as reduced immunogenici ty , a lower 
catabolism, and the ability to fulfill biological ef- 
fector functions associated with the constant regions. 
Furthermore, now that it is shown that chimeric re- 
5 ceptors can be produced, there is the opportunity to 
prepare chimeric receptors with modification of V, J, 
and D regions so as to modify binding specificity. 



Example 2 

1 0 / A family of recombinant anti-DNS antibodies 

was prepared by cloning the mouse V H gene expressed in 



ithe DNS1 (27-44) hybridoma cell line (Dangl et al . , 
Cytometry (1 982) 2_:395) and joining this gene to the 
already cloned human I gG^ , IgG^, IgG^, IgG^, ra ^£ ^,,^g G 
and mouse I gG^ heavy^*chain constant region genes. 
Tfies e re c o m b i nan t genes were inserted into the eukaryo- 
tic expression vector, pSV2( delta )H-gpt (Oi et al . , 
BioTechniques (1 987) J^: 214). Each recombinant vector 
\ was transfected into a heavy chain loss mutant of the 
20 \ DNS1 hybridoma cell line, 27-44. A5C1 3, or co-trans- 
vAfected with a DNS-V y^ ex pression vector into the Ig~ 



I cell line SP2.0 to generate stable\ ant i-DNS transfec- 
^Jtoma cell lines (Morrison and 0i, Mnn Rev. Immunol. 
(1 984) _2:239). The expressed V H and" V K genes from the 

25 DNS1 hybridoma (Oi et a].., Nature (1 984) ^307 :1 36; 
Reidler _et_ _al_. , J. Mol. Biol. (1982) 1 58 ;739) were 
cloned from phage lambda libraries (Dangl, thesis, 
Stanford University, Stanford, California) and used to 
construct the vectors shown in Figure 2. Transfection 

30 b y protoplast fusion and selection and screening of 

transf ect omas has been described (Oi et al . , BioTech- 
ni ques , supra ; Dangl, thesis, Stanford University, 
Stanford, California). Anti-DNS antibodies were puri- 
fied from culture supernate by affinity chromatography 

35 using a dansyl isomer 2-dimethylaminonaphthyl-5-sulf on- 
amide-3-lysine as absorbant (coupled to AH-Sepharose- 
4B) and eluant. The affinity of the DNS1 combining 
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site for DNS is 17 nM; the binding affinity of this 
isomer is lower by a factor of 10^, making it suitable 
for use in affinity purification. Removal of bound 
hapten by dialysis was monitored by fluorescence emis- 
sion spectroscopy. Antibodies were pure, > 95 % and free 
of aggregates as determined by size exclus^S* chromato- 
graphy (Dangl, thesis, Stanford University, Stanford, 
California). The chimeric jn ouse-human immunoglobulin 
heavy chain vectors are depicted in Figure 2. The rab- 
bit IgG and mouse IgG^ heavy chain vectors were simi- 
larly constructed . 

The nature of the DNS combining site of the 
genetically engineered antibodies was monitored by 
measuring the fluorescence emission spectra of bound 
DNS-lysine. This hapten is a sensitive indicator of 
the dynamic polarity of its mi croenvironment . Indepen- 
dently derived mouse IgG 1 anti-DNS antibodies with dif- 
ferent combining si te^tre*^ previously shown to" gener- 
ate different emission spectra (Reidler et al . , J* Mol . 
Biol . (1 982) 1 58 ;739) . The absorption and emission 
spectra of DNS-lysine bound to each genetically engi- 
neered antibody was identical to the DNS1 combining 
site of the parental hybridoma (corrected fluorescence 
qmission spectra of each af finity purified chimeric 

ntibody were measured using a SIM model 8000 fluores- 
cence spectrophotometer with 340 nm excitation, essen- 
tially as described in Reidler, et al ., J. Mol. Biol. 
(1982) 1 58 :739) « This indicates that each chimeric 
antibody has a properly folded V H domain, despite the 
heterologous junction between the mouse and human or 
rabbit C H1 domains. Stable transfectoma cell lines 
produced immunoglobulins with heavy chains of appropri- 
ate size and charge as determined by two-dimensional 
v sodium dodecyl-sulf ate polyacrylamide gel electrophor- 
3^5 esis (SDS-PAGE). Immunoglobulins produced by each 
\ transfectoma cell line were analyzed by biosynthetic 
^ \labelling, immunoprecipi tat ion and one- or two-dimen- 
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sional SDS-PAGE essentially as described by P.P. Jones 
i n Selected Methods in Cellular Immunology , B . B . 
Mishell, S.M. Shiigi, Eds. (W. H. Freeman, San Fran- 
\J Cisco, 1 980),/ppu 238. Rabbit anti-human IgG anti-sera 
was purchase d^from Cappel. The recombinant heavy 
chains are glycosylated, a post-translation modifica- 
tion known to affect biosynthetic labeling in the pres- 
ence or absence of tunicamycin, an antibiotic known to 
ilnhibit asparagine-linked glycosylation (Hickman and 
kora£Sld J. Immunol (1 978) 1 21 :990 ; Nose andJO^eii 
?roc, Natl. Acad. Sci. (1 983) _80_:6632; Leather barrow et 
IlTT Molec . Immunol . (1985) 22:407) . 
"""" This Example demonstrates the ability to pre- 
pare inter-species chimeric antibodies from additional 
15 species using the previously described techniques as 

well as the ability to produce intra-speci es chimerics . 

Example 3 

A series of intra-species hybrid mouse IgG-j- 
gG 2a immunoglobulins all with identical light chains' 




and variable regions were produced. Hybrid heavy chain 
constant region gene segments were generated by genetic 
recombination in E. coli between plasraids carrying 
mouse Y1 and Y2a gene segments. Crossovers occurred 

25 throughout these segments although the frequency was 
highest in regions of high nucleotide sequence homo- 
logy. Eleven hybrid proteins were produced by trans- 
fection of a variant hybridoma cell line. Immunoglobu- 
lins produced by the transfected cell lines were as- 

30 sembled into K 2 L 2 tetramers and properly glycosylated 

in addition to having identical antigen combining sites 
specific for the fluorescent hapten e - dans yl-_L- lysine . 
Protein A binding, used as a probe of Fc structure in 
these variant antibodies was consistent with the iden- 

35 tity of protein A contact residues within the Fc. 

Novel receptors with new and improved functions were 
created, demonstrating that improvements over naturally 
occurring receptors can be' made. 
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Materi als and Methods 




Generation of hybrid genes 

1/ Hybrid C H gene segments coding for polypep- 



5 



Vy terminus were generated by adaptation of the system de- 
scribed by Schneider ^et_ jal_. , Proc. Natl. Acad. Sci. 
I (1981) 28_:21 69-21 73. Plasmid pHGX1 was constructed by 

10\ digesting pBN2 (Nichols and Yanofsky, Proc. Natl. Acad. 
\ Sci. (1 979) _76_:5244-5248) with Hind lll and Pvu II, fill- 
x\ ing in the overhanging Hind lll ends with T4 DNA poly- 
merase, ligating Xbal linkers to the f lusE*"ends , and 
recircularizing the plasmid. Plasmids pHGX1C Y 2 a A and 

15 pHGX1Cy 2a B were generated by digesting pT2a.9 with 

EcoR I and Hind lll , filling in the overhanging ends, li- 
gating Xbal linkers to the blunt ends, and inserting 
the Cy2a~ containins fragment into Xba l-diges ted pHGX1 . 
Plasmids pHGX1C Y2a A and PHGX1C Y2a B differ only in the 

20 orientation of the inserted fragment. Plasmid pHGX2 
was constructed by digesting pWS1 (Schneider et al . , 
Proc. Natl. Acad. Sci. (1981) _7_8_: 21 69-21 73 ) with Hpa l 
and Sai l, filling in the overhanging Sai l end, ligating 
Xba l linkers to the flush ends, and recircularizing the 

25 plasmid. Plasmids pHGX2C Y1 A and pHGX2C y1 B were genera- 
ted by digesting p Y1 with Kpn l , and ligating the C Y2a - 
containing fragment to Xba l-digested pHGX2. Plasmids 
pHGX2C Y1 A and pHGX2C Y1 B differ only in the orientation 
of the inserted fragment. 

30 e. coli strain W311 0 trpR At rpEA2 tnaA2 rna-1 9 

was transformed with both pHGX1C Y2a A and pHGX1C y1 A or 
pHGX1C Y2a B and pHGX1C Y1 B to chloramoheni col resistance 
(Cm r ) and ampicillin resistance (Amp r ). Single colo- 
nies were transferred to L broth containing chloram- 

35 phenicol (20 mg/1) and ampicillin (100 mg/1) and grown 
overnight. Cells were collected by cent r if ugat ion , 
washed with Vogel-Bonner minimal medium (Vogel and 



25 

Bonner, J. Biol. Chem. (1 956) 21 8 :97-106) , and plated 
on minimal plates supplemented with glucose (0.4?) , 
acid-hydrolyzed casein (0.5%), indole (10 mg/1) and 
chloramphenicol. Individual colonies were transferred 
to identical liquid medium and grown overnight. Plas- 
mid DNA was extracted from these cultures, and the 
monomeric double crossover plasmids isolated by size 
fractionation using agarose gel electrophoresis. DNA 
from monomeric plasmid fractions was used to transform 
JL- QOli W31 1 0 trpR AtrpEA2 tnaA2 rna-1 9 to Trp + and 
Cm r . Transf ormants were screened for ampicillin sensi- 
tivity (Amp s ) by replica plating. 

The crossover site generating each hybrid was 
located by restriction enzyme analysis. Precise cross- 
over junctions were identified by DNA sequencing by the 
ethod of Maxam and Gilbert Methods Enymol . (1980) 
5^:499-560 or Sanger and Coulson, Proc . Natl . Acad . 
Sci . (1977) 7^:5463-5467 using M13mp9 (Messing and 
Vieira, Gene (1 982) J_9_: 269-276 ) to generate single- 
stranded DNA template. 

An additional variant heavy chain gene, one 
lacking the hinge region exon, also was constructed. 
The Xba l ends of fragments containing C H gene segments 
were filled in and converted to Sail ends with linkers. 
These fragments were ligated into the Sai l site of 
pMLSVgpt DNS-V H . A Y 2 a heay y chain constant region 
with a hinge exon deletion was constructed by removing 
a Stul-Smal fragment from an expression vector carrying 
the Y 2a C H coding region. This plasmid is designated 
pMLSVgpt DNS-V H C Y2 a A hinge. 

Transfection of Hybrid Heavy Chain Genes 

Plasmids designed to express anti-DNS hybrid 
heavy chain genes were constructed as described above. 
The pMLS Vgpt DNA-V H contains the E_. coli xanthine-gua- 
nine phosphoribosyltransf erase gene ( gpt ) which is used 
to biochemically-select transfected mammalian cells 
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(Mulligan and Berg, Proc. Natl. Acad. Sci . (1981) 
78:2072-2076) . The heavy chain variable region (V H ) 
gene segment from the anti-DNS hybridoma 27-44 (Da ngl _ 
et al . , Cytometry (1 982) J_:395-401 ) is located upstream 
of the C H gene insertion site. Hence ligation of each 
recombinant heavy chain constant region gene segment 
into pMLS Vgpt DNA~V H in the proper orientation gener- 
ates a gene encoding the corresponding variant anti-DNS 
heavy chain polypeptide. Hybrid anti-DNS antibody-pro- 
ducing cell lines were generated by transfecting these 
recombinant vectors into a heavy-chain-loss variant of 
the 27-44 hybridoma cell line, designated 27-44 A5C13 
(which was provided by Dr. D. Parks of Stanford Univer- 
sity). Other hybridoma cell lines lacking production 
of the heavy chain could also be used. 

Expression vectors were transfected into 27-44 
A5C13 using the following protoplast fusion procedure. 
E_. coli strain HB101 carrying the appropriate plasmid 
was grown in L broth to an ODgQ 0 of 0.6-0.7* Plasmid 
copy number was amplified by addition of chlorampheni- 
col (170 mg/1) and incubating cultures overnight. 
Cells from 25 ml of culture were harvested by centrifu- 
gation and gently resuspended in 1.25 ml of ice cold 
20% sucrose, 50 mM Tris-HCl pH 8.0. Freshly prepared 
lysozyme solution (0.25 ml at 5 mg/ml in 0.25 M Tris- 
HCl pH 8.0) was added and the suspension incubated for 
6 minutes on ice. A 0.5 ml aliquot of 0.25 mM EDTA pH 
8.0 was added and the mixture was incubated for 5 min- 
utes on ice. Following addition of 0.5 ml of 50 mM 
Tris-HCl pH 8.0, the cells were incubated for 10 min- 
utes at 37°C. The bateria were then diluted with 10 ml 

f RPMI 1640 medium supplemented to 10$ sucrose and 10 
mM MgCl 2 and warmed to 37°C. After incubation for 10 
minutes at room temperature, the protoplasts were used 
for fusion. 



# # 
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The 27-44 A5C13 cell line was grown to a den- 
sity of 0,3 to 1 x 10 6 cells/ml in RPMI 1640 medium 
containing 1*0- mM sodium pyruvate, 2.0 mM _L- glutamine , 
50 mM g-mercaptoethanol , 10% fetal calf serum (FCS) , 
5 and \% NuSerum™ (Collaborative Research, Lexington, 
Massachusetts). Cells (2 x 1 were harvested by 
cent rifugat ion and resuspended in 1 ml of RPMI 1640 
medium with supplements. After addition of 3 ml of 
protoplast suspension, the cells were pelleted by cen- 

10 trifugation. The pellet was resuspended by slowly add- 
ing 1 ml of 4556 polyethylene glycol (PEG) in RPMI 1640 
medium without supplements (warmed to 37°C) while mix- 
ing gently for 1 to 2 minutes. Nine milliliters of 
37°C RPMI medium without supplements were added slowly 

15 to dilute the PEG solution. The suspension was centri- 
fuged and the pellet resuspended in 1 2 ml of RPMI 1640 
medium. Cells were then dispensed into a 24-well plate 
in 0.5 ml aliquots. The following day, 1 ml of RPMI 
1640 medium was added to each well. Two days after fu- 

20 sion, transfected cell lines were selected in medium 
containing 1 mg/1 mycophenolic acid, 15 mg/1 hypoxan- 
thine, and 200 mg/1 xanthine. Cultures were fed with 1 
ml of selection medium as needed. 



2>5 Protein Characterization 
\. Antibodies from transfected cell lines were 

\biosynthetically- labelled with [ 35 S ]-methionine in the 
absence and presence of tunicamycin. Antibodies were 
immunoprecipi tated with rabbit anti-mouse immunoglobu- 

30 lin antisera and analyzed by SDS-polyacrylamide gel 

electrophoresis (SDS-PAGE), two-dimensional non-equil- 
ibrium pH gradient gel electrophoresis, and two-dimen- 
sional non-reducing-reducing polyacrylamide gel elec- 
trophoresis (Goding, Handbook of Experimental Immunol- 

35 pgy , Vol . 1 . Blackwell Scientific Publications, Oxford 
(1986) 20 : 1-20 . 33) . Fluorescence emission spectra of 
hybrid anti-DNS antibodies bound to e-dansyl-_L-lysine 
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were measured using 340 nm excitation on a SLM model 
8000 fluorescence spectrophotometer . 

Production and Purification of 
Genetically Engineered Antibodies 

Hybrid anti-DNS antibodies were purified from 
sera of tumor-bearing mice or from culture supernates 
of transfected cell lines grown in serum-free medium 
(Hana Biologicals, Berkeley, California). Hybridoma 
cell lines 27-44 and 27-13 were used to produce paren- 
tal ^ ^Gi an d IgG 2a anti-DNS antibodies (Dangl et al . , 
yt^b^ Tl^TT; 395-401 ) . 

Anti-DNS antibodies were purified by affinity 
chromatography using a DNS analog ( 2-dimethylaminonaph- 
thyl-5-sulf onyl chloride; Molecular Probes, Eugene, 
Oregon) coupled to AH-Sepharose 4B (Pharmacia, Piscata- 
way, New Jersey). N- ( 5-Carboxypent yl )-2~dimethylamino- 
naphthyl-5-sulf onamide was used to elute bound antibody. 

Protein A Binding 

Binding of each hybrid anti-DNS antibody to 
Staphylococcus aureus protein A was measured at pH 
7.0. Purified protein A (Pharmacia) and a two-fold 
molar excess of IgG were incubated in 150 mM sodium 
phosphate pH 7.0 for 20 minutes at room temperature. 
IgG-protein A complexes were analyzed using Superose 6 
column chromatography (Pharmacia). 

Results 

Generation of Hybrid C H Genes 

Genetic recombination between pHGX1C Y2a A and 
V>HGX1C Y1 A or pHGX1C Y2a B and pHGX1C Y2a B yi elded TRP + 
^colonies at frequencies similar to that reported pre- 
viously (Schneider _et_ _al^. , supra ) . The Trj^ phenotype 
results from a single crossover between trpB segments 
in the two parental plasmids to generate an intact, 
functional gene. The single crossover produces a di- 
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raeric plasmid, containing the entire genetic material 
of both starting plasmids. The dimeric trpB* Cm r Amp r 
plasmid is expected to sustain a second recombinat ional 
event in any region of homology. A second crossover, 
between C Y 1 and C y 2a gene segments, yields a monomeric 
trpB* Cm r Amp 3 plasmid with a hybrid C H segment. 
Transformation of jS. coli W3110 trpR AtrpEA2 tnaA2 rna- 
19 with size-fractionated monomeric plasmid DNA from 



;rpB + cells, followed by selection for Trp + and Cm r , 
yielded only monomeric trpB* Cm r Amp s pTasmTds that 
always carried hybrid C H gene segments. 

Seventy independently derived hybrid Cpj gene 
segments were recovered. Ten of the most diverse re- 
combinant immunoglobulin heavy chain constant region 
gene segments were selected for further study. Six 
have an IgG j_ amino-terminus and an^ [gG 2a c ar boxy- ter- 
minus (designated Y-j ^2a~^ through Five of these 

six recombinant molecules were generated by crossovers 
in the C H 2 exon; the sixth was generated by a crossover 
in the intron between the C H 1 and hinge exons. Two 
recombinants (designated T 2a T 1 ' 1 and * 2 ) are IgG 2a -IgG 1 




hybrids; one generated by a crossover in the C H 2 exon 

and the other by a crossover in the intron between the 

C H 1 and hinge exons. Two other recombinants (Y^Y^* 1 
and -8) were included for study as controls. They en- 
code parental Y 1 and Y 2a heavy chain polypeptides and 

arose from crossovers in DNA sequences flanking immuno- 
globulin coding regions. 

Precise crossover points were determined by 
DNA sequencing. The amino acid sequences of the paren- 
tal lgG-| and IgG 2a polypeptides as well as< the deduced 
sequence junctions of the ten recombinant heavy chains 
were determined. Nine of the ten hybrid genetic seg- 
ments appear to have been generated by single crossover 
events, while Y^" 1 appears to have arisen by a 
triple exchange within the intron between Ch 1 an<i hi n S e 
exons. The length of nucleotide sequence identity be- 
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tween Cy<| and Cy2 a gene segments within which exchanges 
occurred varied from 5 to 21 base pairs . 

Expression of Recombinant Immunoglobulins Genes 

All eleven heavy chain genes are expressed 
when transfected into the 27-44 A5C13 cell line, SDS- 
PAGE analyses show that each cell line synthesizes and 
secretes, in addition to light chain (L), an immuno- 
globulin heavy chain (H) polypeptide of the appropriate 

elative molecular weight (Mr), Two-dimensional non- 
equilibrium pH gradient gel electrophoresis analysis 
confirmed the identity of the endogenous light chain 
produced by each transfected cell line, as well as the 
expected charge (deduced from the amino acid sequence) 
for each recombinant heavy chain polypeptide. Each 
recombinant antibody, when synthesized in the presence 
of tunicamycin showed an altered mobility upon reducing 
SDS-PAGE relative to each antibody synthesized in the 
absence of tumicamycin indicating that each heavy chain 
is glycosylated . 

The DNS fluorescence emission spectrum of all 
eleven recombinant antibodiesCarel identical to the hy- 

ridoma VfGXand IgG 2a ant i -DNS*-ant ibody fluorescence 
emission spectra. This is an accurate and sensitive 
means of identifying the antigen-combining sites of 
anti-DNS antibodies (Reidler et al , , J . Mol * Biol, 
(1 982) 258^:739-746, Oi et_ a^. , Nature (1 984) 307 :1 36- 
140) and demonstrates that the original DNS combining 
sites have been re-created in the hybrid antibodies. 




Interchain Disulfide Bridges 

Each genetically engineered anti-DNS antibody 
was assembled into #2^2 tetramers as determined using 
Superose 6 column chromatography. The presence of in- 
terchain disulfide bridges was ascertained using non- 
reducing SDS-PAGE, Eight of ten hybrid immunoglobulins 
have mobilities characteristic of H 2 L 2 molecules, hav- 
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ing both H-L and H-H disulfide bridges* Analysis of 
the hinge less IgG? a antibody shows H-L molecules and 
the absence ^oT^-H^L^ tetramers . This was expected since 
the cysteines forming the H-H disulfide bridges are lo- 
cated in the hinge region. The two remaining hybrid 
immunoglobulins have unusual disulfide bridges. 
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Protein A Binding 

The protein A binding of each of the eleven 
variant antibodies was assessed and used as a probe of 
Fc structural integrity. Table 1 summarizes the 
results of this analysis. 

Table 1 



Amino acid residues at positions of protein A 
contact and protein A binding of hybrid and hinge dele- 
ted antibodies. 



Contact Residues 



Protein A 



Antibody; 

(lgG2a) 



Y 1 


Y 2a~ 


•1 


Y 1 


Y 2a~ 


•2 


Y 1 


W 


•3 



252 253 254 308 309 310 311 312 433 434 435 436 Binding 
Met lie Ser lie Gin His Gin Asp His Asn His His 



IgG 2a Ahinge 

Yl Y-Va'^dgGI ) 

-6 



+ 
+ 
+ 
+ 



Y 1^2a 



1 *2a 



-7 



Y 1 Y 1 



-1 

-2 



Thr 


- Thr ■ 


- Met 


Thr 


- Thr - 


- Met 
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All publ i oat ions and patent appli cations men- 
tioned in this specification are indicative of the 
level of skill of those skilled in the art to which 
this invention pertains. All publications and patent 
5 applications are herein incorporated by reference to 
the same extent as if each individual publication or 
patent application was specifically and individually 
indicated to be incorporated by reference. 

The invention now being fully described, it 
10 will be apparent to one of ordinary skill in the art 

that many changes and modifications can be made thereto 
without departing from the spirit or scope of the ap- 
pended claims . 
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WHAT IS CLAIMED IS 



1 . A mul ti-subuni t chimeric receptora with at 
least one binding site and having two sub/mits which 
5 are bound together and define a predetermined ligand 
binding site, wherein, each of said two subunits con- 
sists of a variable region which participates in defin- 
ing said binding site and binding to said ligand and 
non-binding constant region which participates in main- 

10 taining the structure of said recepyor, wherein each of 
said variable regions has an amino /acid sequence having 
substantially the same amino acid /sequence of a vari- 
able region of a receptor from a /first mammalian source 
and each of said constant regiorp has an amino acid 

15 sequence having substantially the same amino acid se- 
quence of a constant region fr^m a different second 
mammalian source. 



20 



2. A multi-subunit chimeric receptor according to 
Claim 1, wherein said recep/or is an immunoglobulin. 



25 



3. A multi-subunitSvdtf imeric receptor according to 
Claim 2, wherein the constant region is of the gamma 
class • 

4. A multi-subunit chimeric receptor according to ,X 
Claim 1 , wherein said/first mammalian source and said^ 
second mammalian sour/ce belong to different species/ 



30 5. A mult i-sujSunit chimeric receptor according to 

Claim 1, wherein saad first mammalian source /and said 
second mammalian spurce belong to a single/species . 

/ 

6. A multi-isubuni t chimeric reqeptor according to 
35 any of Claims 1 , /2 or 3, wherein sa^cl first mammalian 
source is rodenti 



• 
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7. A mult i-subuni t chimeric receptor Recording to 
any of Claims 1 , 2 or 3, wherein said firs/ mammalian 
source is mouse, 

8. A multi-subunit chimeric receptor according to 
any of Claims 1, 2 or 3, wherein said/second mammalian 
source is primate. 

9* A multi-subunit chimeric receptor according to 

10 any of Claims 1, 2 or 3, wherein sfid second mammalian 
source is human. 
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10. A multi-subunit chimer 
Claim 1 , joined to a label prc/vij 
signal . 



receptor accordi ng to 
a detectable 



11. A multi-subunit chimeric receptor according to 

Claim 10, wherein said label is a radionuclide. 

20 12. A multi-subunit chimeric receptor according to 

Claim 1 , which is unglycosyl^fced 
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13. A multi-subunit ch/imeric receptor according to 
Claim 1, which is glycosylated . 

14. A DNA construct for expressionxff a chimeric 
polypeptide which is a subunit of a jirdlti-uni t receptor 
comprising: 

a S'-terminus proximal first DNA sequence 
coding for a polypeptide s-rfostant i ally the same as the 
N-terminal var iable^^^faing region of a receptor from a 
first mammalian hjy$rf[i__ai 

a 3 T - t^fffri nus proximal second DNA sequence 
joined direp^ly or through an intron in reading frame 
at its 5,/end to the 3* end of said first DNA sequence, 
coding for a polypeptide substantially the same as the 
noEf^binding constant region from a dif ferent second 
■"mammalian host. 
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15. A DNA construct according to Clai4 14, having 
transcriptional initiation and termination regulatory 
sequences recognized by a mammalian heart in regulatory 
relationship with said first and second DNA sequences. 



10 



16- A DNA construct according/to Claim 15, wherein 
said transcriptional initiation regulatory sequence is 
naturally present with said firsyfc DNA sequence. 

17. A DNA construct according to Claim 14, wherein 
said first mammalian host and said second mammalian 
host belong to different sp/cies. 
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18. A DNA construct According to Claim 14, wherein 
said first mammalian hosyc and said second mammalian 
host belong to a singlaAspecies . 
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19. A DNA constr Mt accor ding to any of Claims 14, 
15 or 16, wherein sa/d first mammalian host is rodent. 



20, A DNA construct according to any of Claims 14, 
15 or 16, wherein/said first mammalian host is mouse. 
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21. A DNA construct according to any of Claims 14, 
15 or 16, where/n said second mammalian host is 
primate . 
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22. A DMA construct according to any of Claims 14, 
15 or 16, wrierein said second mammalian host is human. 

23. PJ DNA construct according to any of Claims 14, 
15 or 16,/ wherein said first and second DNA sequences 
code for/an immunoglobulin light chain. 

24/ A DNA construct according to any of Claims 14, 
15 or/1 6, wherein said first and second DNA sequences 
code/f or an immunoglobulin heavy chain. 
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25. A DNA construct according to any p/f Claims 15 
or 16, wherein said second DNA sequence iaf joined 
through an introo, which intcan inqludes/an enhancer 
which is f un c t i Marwuh sXidf^ ) r - oai . og o ^ ' 



26. A DNA construct according t/b any of Claims 14, 
15 or 16, including a replication /ystem functional in 
a mammalian host* 

27. A DNA construct according to any of Claims 14, 
15 or 16, including a replication system functional in 
a mouse host . 
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28. A mammalian cell/ having^ irst and second DNA 
constructs for expression of different first and second 
subuni ts of a multi-u^lt) receptor , said first and 
second subunits wherivpo'und together defining a binding, 
site for a predet erm'Srrtea in 

each of s?id first and second constructs 
comprising: 

a 5 '-terminus proximal first DNA sequence 
coding for a polypeptide substantially the same as the 
N-terminal variable binding region of a receptor from a 
first mammalian host; and 

a 3/ - terminus proximal se_cond L __D„NA~-se-qu-ence , 
joined directly or through an intron in reading frame 
at its 5 f yend to the 3 f end of said first DNA sequence 
coding far a polypeptide substantially the same as the 
non-bindang constant region from a different second 
mammali/an host; 

and transcriptional and translat ional regula- 
tory /initiation and termination sequences functional in 
said/ mammalian cell and in regulatory relationship with 
sai/d first and second DNA constructs. 
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29. A mammalian cell according to/Claim 28, 
wherein said first mammalian host and/said second 
mammal ian host belong to different s/pec i es . 

30. A mammalian cell according to Claim 28, 
wherein said first mammalian jfa wzfa and said second 
mammalian host belong to a single speceis. 

31. A mammalian cell according to Claim 28, 
wherein said mammalian cell And first mammalian host 
are mouse . / 

32. A mammalian cell according to Claim 31, 
wherein said second marmnalian host is human. 

33. A mammalian /cell according to Claim 32, 
wherein said first DWA construct encodes an immuno- 
globulin light chiipi and said second DNA construct 
encodes an immunosa^b^W^n^heavy chain . 

34. A mammalian cell according to Claim 33* 
wherein said heavy chain is gamma. 

35. A mammalian cell according to any of Claims 
28, 29 or 30/ wherein said cell is a myeloma cell. 

36. A/method for producing a chimeric receptor 
which comprises : 



Claims 2/8, 29 or 30 in a nutrient medium, whereby said 
DNA constructs are expressed and said subunits are 
intraoellularly bound together to form a receptor; and 



/37. A method according to Claim 36, wherein said 
cell is a mouse myeloma cell . 



'growing mammalian cells according to any of 



isolating said receptor . 
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CHIMERIC RECEPTORS BY DNA 
SPLICING AND EXPRESSION 

5 

ABSTRACT OF THE DISCLOSURE 
Chimeric mul ti-s^buni t receptors are provided 
involving a binding regiom resulting from the organiza- 
tion of two subunit chains Vnd a non-binding region 

10 which may have physiologi cal\ significance . In some em- 
bodiments, chimeric immunoglobulins are provided having 
variable regions from one specYes and constant regions 
from another species by linking\DNA sequences encoding 
for the variable regions of the \ight and heavy chains 

15 from one species to the constant Regions of the light 

and heavy chains respectively from\a different species. 
Introduction of the resulting genesVnto mammalian host 
cells under conditions for expressions provides for pro- 
duction of chimeric immunoglobulins having the specifi- 

20 city of the variable region derived from a first species 
and the physiological functions of the Constant region 
from a different species. \ 
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vided. The methods involve transfecting and expressing 
exogenous DNA coding for the heavy and light chains of 
immunoglobulin. In some embodiments, chimeric immuno- 
globulins are provided having variable regions from one 
species and constant regions from another species by linking 
DNA sequences encoding for the variable regions of the 
light and heavy chains from one species to the constant 
regions of the light and heavy chains respectively from a 
different species. Introduction of the resulting genes into 
mammalian host cells under conditions for expression pro- 
vides for production of chimeric immunoglobulins having 
the specificity of the variable region derived from a first 
species and the physiological functions of the constant 
region from a different species. 
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METHODS AND TRANSFORMED FIG. 2 is a schematic diagram of chimeric human IgG 

MAMMALIAN LYMPHOCYTE CELLS FOR anti-DNS expression vectors. 

PRODUCING FUNCTIONAL ANTIGEN- 
BINDING PROTEIN INCLUDING CHIMERIC DESCRIPTION OF THE SPECIFIC 

IMMUNOGLOBULIN 5 EMBODIMENTS 

Novel methods and compositions are provided, for pro- 
This is a continuation of application Ser. No. 07/893.610, duction of polypeptide products having specific binding 
filed Jun. 3, 1992, now abandoned, which is a continuation . affinities for a predetermined ligand and predetermined 
of application Ser. No. 07/675,106, filed Mar. 25, 1991. now biological, particularly physiological, properties, each of 
abandoned, which is a continuation of application Ser. No. io which m not norma u y associated with the binding region 
07/441,189, filed Nov. 22, 1989, now abandoned, which is peptide sequences. Particularly, multi-subunit chimeric 
a continuation of application Ser. No. 07/090,669, filed Aug. receptors are provided which result from fused genes having 
28, 1987, now abandoned, which is a continuation-in-part of t ^ e portion of the polypeptide involved with binding of a 
application Ser. No. 067644,473. filed Aug. 27, 1984 now predetermined ligand having an amino acid sequence sub- 
' rndoned. 15 stantially the same (>90% conserved) as an amino acid 



BACKGROUND OF THE INVENTION 



sequence having the same function from one host, while the 

©portion involved with providing structural stability, as well 

Field of the Invention as other biological functions, being analogously derived 

NaturaUy occurring receptors, such as immunoglobulins. 20 ^ a ^ acnt host - The resulting composition can be 

enzymes, and membrane proteins have seen an extraordi- either 311 Mter " , or "«™pecies chimera. At least two fused 

nary expansion in commercial applications over the last 8 enes "f 5 evolved, which genes are introduced into an 

decade. With the advent of monoclonal antibodies, the appropriate eukaryotic host under ^conditions for expression 

usefulness of immunoglobulins has been greatly expanded a u nd P™es/™8- whereby the fused genes are expressed and 

and in many situations has greatly extended prior uses 25 TC ^ n l subumts bound together - resulting in 

employing polyclonal antibodies. However, in many assembled chimenc receptor. 

applications, the use of monoclonal antibodies is severely The receptors prepared in accordance with the subject 

restricted where the monoclonal antibodies are to be used in invention will be multi-subunit where the units are held 

a physiological (in vivo) environment. Since, for the most together either by non-covalent binding or a combination of 

part, monoclonal antibodies are produced in rodents, e.g.. 30 non-covalent and covalent binding, particularly disulfide 

mice, the monoclonal antibodies are immunogenic to other linkages through cysteine, and having at least one binding 

species s ' te - usually at least two binding sites, and not more than 

While the constant regions of immunoglobulins are not ! bout 1 ten b ^ s "f s " of interest include both 

involved in ligand binding, the constant regions do have a B - ce11 .T - "" ""ft 0 "',, p ' rtl f I 1 " 1 * 

number of specific functions, such as complement binding. 35 immunoglobulins, such as IgM IgG. IgA IgD and IgE as 

immunogenic^, cell receptor binding, and the like. There a f ^ van0 _ us subtypes of the individual groups. The 

will, therefore, be situations where it will be desirable to h 8 ht chaul be K or ^ ^ ^ chams " refelred t0 

as u v a n and £ 

have constant regions which bind to cells or proteins from a ^ J * 

particular species having binding regions for a particular 111 discussing the two regions of each subunit, the two 

ligand. 40 re S* ons De referred to as "variable** and "constant" by 

/2^elevant Literature analogy to immunoglobulins. The variable region is the 

* — ^ region involved with ligand binding and, therefore, will vary 

Kwan et al„ J. Exp. Mod. (1981) 153:1366-1370 and in con f orm ation and amino acid sequence depending upon 

Clarke et aL. NucL Acids Res. (1982) 10:7731-7749 the ^ region will usually ^ composed of a 

describe \ H and V K exons from the mouse phosphocholine- pluralit y of sma ller regions (hypervariable or complemen- 

binding antibody-producing S107 myeloma cell line. Oi et ^ determining regions), involving a region having as its 

al.. Proc. Natl Acad. ScL USA (1983) 80:825-829, report primary ^ ncdon binding t0 me Hg and (V) and a region 

that the mouse light chain gene is not expressed efficiently associated with joining the V region to the constant region, 

in a rat myeloma cell. the j oining region (j). 7^ ^ be a hypervariable 

SUMMARY OF THE INVENTION j 50 J^on joining the V and J regions, the diversity region (D). 

/ These regions are related to gene segments observed in the 

Chimeric multi-subunit receptors are provided where genes encoding immunoglobulin variable regions, 

each ofthesubunits is an expression product of a fused gene. The constant region will not be associated with ligand 

Each fused gene comprises a DNA sequence from one host binding and will be relatively limited in the variations in its 

species encoding the region involved with ligand binding 55 conformation and amino acid sequence within any one 

joined to a DNA sequence from a different source, either the species and within any one class, each class generally having 

same or a different host species, encoding a "constant" from 1 to 4 subclasses. Each constant region is specific for 

region providing a structural framework and biological a species. Within the classes there will be allotypes, indi- 

properties. Introduction of the fused genes into an appro- vidual polymorphisms within a class within a species, 

irfiate eukaryotic host cell under conditions for expression ^ xhe varible reg j on 0 f the immunoglobulins will be 



1/ ind processing provides for a functionaj assembled/multi- derived from a convenient marnmalian source, which may 

r subunit receptor product. — be a rodent, e.g., mouse or rat, rabbit, or other vertebrate, 

BRIEF DESCRIPTION OF THE DRAWINGS mammalian or otherwise capable of producing immunoglo- 

bulins. The constant region of the immunoglobulin, as well 

FIG. 1A is a schematic diagram of the chimeric m^se- 65 as the J chain for IgM and IgA (not the same as the J region 

//:human heavy chain gene vector; and FIG. IB is the chi- of the heavy or light immunoglobulin chain), will be derived 

/ meric light chain vector. from a vertebrate source different from the source of the 
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variable region, particularly a mammalian source, more selected from the naturally occurring intron sequence asso- 

particularly primate or domestic animal, e.g., bovine, ciated with the J region. In some instances it will be 

porcine, equine, canine, feline, or the like, and particularly, necessary to provide adapters to join the intron or truncated 

humans. The different source of the constant region can be i ntr on to the constant region. By cleaving within the intron, 

either from a different species or from the same species as 5 the variable region will be separated from its natural con- 

the mammalian source utilized to provide the variable stant region. 

region. Thus, the constant region of the receptor will nor- ^ ' , , * . Li , , * 

mally be chosen in accordance with the purpose of the fc Alternatively, it may be desirable to have the fused gene 

receptor. For example, where the receptor is to Introduced of * e between ,^ variable and constant regions, 

into the host, the constant portion will be selected so as to 10 ™ us - * e 3 „ «* * « V .« K ?™ A 

minimize the immune response of the host to the receptor 10 aU ° r 3 P°* 0n ° f *e J region will be associated 

and to optimize biological efficiency, such as complement Wlth hos } P? ondm S vanabk region. By restriction 

fixation or physiological half-life (catabolism). Where the CD ?™ f se f ^ncing of the J region, one can 

. . «. j . i ii t_ select for a particular site for the 3 tenrunus of the vanable 

receptor is to bind to particular cell membrane surface . F 

receptors, the constant region will be chosen in accordance 15 Te & on - 

with the host of the receptor recognition site. Alternatively, one can use an exonuclease and by employ- 

The fused gene derived from the two host sources will be in S P eriods of digestion, one can provide for varying 

prepared by joining the 5'-end of a sequence encoding the ^'-termini, which can then be used for linking to the constant 
constant region in reading frame to the 3'-end of a sequence re ^ on and sele( * on ^ for a ^^onal product in a 
encoding the variable region. (In referring to 5' or 3' for a 20 vanet y of wa y s ' For exam P le < where joining of the variable 
double strand, the direction of transcription is with 5' being to the constant region results in a unique restriction 

upstream from 3\) With immunoglobulins, two fused genes Slte < Ae fused DNA fra g ment s may be screened for the 
will be prepared, one for the light chain and one for the Presence of the restriction site. 

heavy chain. With T-cell receptors, the two fused genes will Alternatively, it may be found desirable to include an 
be for each of the two chains involved in the formation of the 25 adapter or linker to join the variable region to the constant 
Ci / T-cell receptor. The DNA sequences employed fo r prepar- region, where the adapter or linker may have the same or 

Wf tion of the fused gene 'may be derived from a variety of substantially the same sequence, usually at least substan- 
-f\\ sources. These sources include genomic DNA, cDNA, syn- me same sequence, of the DNA sequence of the two 

i"^ thetic DNA, and combinations thereof. The genomic DNA fragments adjacent the juncture. The adapter or linker will 
-'^ 5 may or may not include naturally occurring introns. 30 be selected so as to provide for the two sequences to be in 

5T< The DNA obtained from natural sources, namely the common reading frame. Furthermore, by employing 
*** >^enomic DNA or CDNA, may be obtained in a variety of adapters, onexould add an additional degree of variability in 
rff ways. Host cells coding for the desired sequence may be the bindin g ^footy of *e chimeric receptor, by providing for 
*'» isolated, the genomic DNA may be fragmented, conve- ^ ex P res sion of different amino acids in the J region. 

^~ niently by one or more restriction endonucleases, and the 35 The j om ing of the various fragments is performed in 
-5 resulting fragments may be cloned and screened with a accordance with conventional techniques, employing blunt- 
£□ probe for the presence of the DNA sequence coding for the ended or staggered-ended termini for ligation, restriction 
polypeptide sequence of interest For the variable region, the enzyme digestion to provide for appropriate termini, filling 
't, rearranged germline heavy chain DNA will include V, D, in of cohesive ends as appropriate, alkaline phosphatase 
" W and J regions, including the leader sequence, which may be 40 treatment to avoid undesirable joining, and ligation with 

H -X subsequently removed as well as any introns. The rearranged appropriate ligases. 

jrj: germline light chain coding DNA will include the V and J For cDNA, the cDNA may be cloned and the resulting 
III regions including the leader sequence, as well as any introns clone screened with an appropriate probe for cDNA coding 
which may be subsequently removed. The particular source fopkerl£$hed variable or constant region. Once the desired 
of the exons defining the domains and the manner of 4^clone has been isolated, th e CDNA may be manipulated in 
splicing, where introns are present, is not germane to this substantially the same mSfflBP^s the genomic DNA. 
invention. Once the cloned fragment has been identified However, with cDNA there will be no introns or intervening 
which contains the desired DNA sequence, this fragment sequences. The cDNA is cleaved at or near the juncture of 
may be further manipulated to remove superfluous DNA, the variable region with the constant region so that the 
modify one or both termini, remove all or a portion of 50 variable region is separated from the constant region and the 
intervening sequences (introns), or the like. desired region retained. Where a convenient restriction site 

In providing a fragment encoding the variable region, it //exists, the CD^may be digested to provide for a fragment 
will usually be desirable to include all or a portion of the having the^p^priate terminus. The restriction site may 
intron downstream from the J region. Where the intron is provide a satisfactory site or be extended with an adapter, 
retained, it will be necessary that there be functional splice 55 Alternatively, primer repair may be employed, where for the 
acceptor and donor sequences at the intron teiTnini. The gene variable region a complementary sequence to the site of 
sequence between the J (joining region) and the constant cleavage and successive nucleotides in the 3* direction of the 
region of the fused gene may be primarily the intron complementary sequence is hybridized to the sense strand of 
sequence associated with (1) the constant region, (2) the J i^ihe CDNA and the nonsense strand replicated beginning 
region, or (3) portions of each. The last may be a matter of 60 witfftnepnmer and removal of the single- stranded DNA of 
convenience where there is a convenient restriction site in the sense strand 3' from the primer. The reverse is true for 
the introns from the two sources. In some instances, all or a the constant region. Other techniques may also suggest 
portion of the intron may be modified by deletion, nucleotide themselves. Once the fragment has been obtained having the 
substitution(s) or insertion, to enhance ease of manipulation, predetermined 3' or 5 1 terminus, as appropriate, it may then 
expression, or the like. When the variable region is chosen 65 De employed for Joining to the other region, 
to be syngeneic with the host cells employed for expression. Finally, one or both of the regions may be synthesized and 
all or at least about 80% of the intron sequence can be cloned for use in preparing the fused gene. For the most part. 
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the same or substantially the same constant region can be 
repetitively used so that a library of constant regions may be 
established which can be selected for joining to variable 
regions. Thus, the constant regions would have an appro- 
priate 5' terminus for joining directly or through an adapter 
to a variable region. 

In order for expression of the fused gene, it will be 
necessary to have transcriptional and translational signals 
recognized by an appropriate eukaryotic host. For the most 
part, desirable eukaryotic hosts will be mammalian cells 
capable of culture in vitro, particularly leukocytes, more 
particularly myeloma cells, or other transformed or onco- 
genic lymphocyte, e.g., EBV transformed cells. 
Alternatively, non-mammalian cells may be employed, such 
as fungi, e.g., yeast, filamentous fungi, or the like. 

The DNA sequence coding for the variable region may be 
obtained in association with the promoter region from 
genomic DNA. To the extent that the host cells recognize the 
transcriptional regulatory and translational initiation signals 
associated with the variable region, then the region 5' of the 
variable region coding sequence may be retained with the 
variable region coding sequence and employed for transcrip- 
tional and translational initiation regulation. 

The contiguous non-coding region 5' to the variable 
region will normally include those sequences involved with 
initiation of transcription and translation, such as the TATA 
box, capping sequence, CAAT sequence, and the like. Usu- 
ally the 5 -non-coding sequence will be at least 150 bp, more 
usually at least 200 bp, usually not exceeding about 2 kbp, 
more usually not exceeding about 1 kbp. 

The non-coding region 3' to the constant region may be 
retained for its transcriptional termination regulatory 
sequences, such as termination and polyadenylation. Thus, 
by retaining the 3-region naturally contiguous to the DNA 
sequence coding for the constant region, the transcriptional 
termination signals may be provided for the fused gene. 
Where the transcriptional termination signals are not satis- 
factorily functional in the expression host cell, then a 3' 
region functional in the host cell may be substituted. 
Conveniently, the non-coding 3 f region may be obtained 
from a non-coding contiguous 3* region of a constant region 
from the expression host The 3'-non-coding region may be 
joined to the constant region by any of the means described 
previously for manipulation and ligation of DNA fragments. 
This region could then be used as a building block in 
preparing the fused gene. 

The fused gene for the most part may be depicted by the 
following formula: 

m-(I^) € -V r (Vi),-P) t -(Di) c -J-(I)^-TTR 
wherein: 

TIR intends the transcriptional regulatory and transla- 
tional initiation region and is generally of at least about 150 
bp and not more than about 2 kbp, which may be in whole 
or in part the sequence naturally joined to the V coding 
region; 

LS refers to a DNA sequence encoding a leader sequence 
and processing signal functional in the expression host for 
secretion and processing for removal of the sequence; this 
leader sequence can contain an intron, as is known in the art 
to occur; 

e is 0 or 1; 

V is a segment coding for the variable domain in reading 
frame with LS, when LS is present; 
f is 0 or 1; 

D is a segment coding for the diversity domain and is 
present for the heavy chain (b=l) and is absent for the light 
chain (b=0); 
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J is a segment coding for the joining region; 

Vi and Di are introns associated with the letter-indicated 
coding segments having functional donor and acceptor splic- 
ing sites; 

a, b and c are the same or different and are 0 or 1, wherein 
when b is 0, c is 0; a, b, and c are all preferably 0; 

I is an intron which may be naturally contiguous to the J 
segment or naturally contiguous to the C domain or a 
combination of fragments from both, or a fragment thereof, 
desirably including an enhancer sequence functional in said 
expression host, or I may be foreign in whole or in part to 
the J and C segments; 
d is 0 or 1 (preferably 0); 

C is the constant domain and may code for a u, y, 5, a or 
e chain, preferably u, y, or a, usually including at least 80% 
of the constant region sequence, and may be the same as or 
a modified naturally occurring allotype or an altered con- 
stant region encoding an improved protein sequence; and 

TTR is the transcriptional termination region providing 
for transcriptional termination and polyadenylation which 
may be naturally associated with C or may be joined to C, 
being functional in the expression host; usually being at least 
about 100 bp and may be 1 kbp or more. 

Fused genes lacking, or containing modifications in, the 
hinge region or other immunoglobulin constant region 
domains can also be prepared, in like manner to the modi- 
'fications described above, in which case the formula will be 
as shown above but with the hinge region of the constant 
chain being absent or modified 

The constructs for each of the different subunits may be 
joined together to form a single DNA segment or may be 
maintained as separate segments, by themselves or in con- 
junction with vectors. 

•The subunit constructs may be introduced into a cell by 
transformation in conjunction with a gene allowing for 
selection where the construct will become integrated into the 
host genome. 

A large number of vectors are available or can be readily 
prepared which provide for expression in a host, either by 
maintenance as an extrachromosomal element or by inte- 
gration into the host genome. For a mammalian host, a wide 
variety of vectors are known based on viral replication 
systems, such as Simian virus, bovine papilloma virus, 
adenovirus and the like. These vectors can be used as 
expression vectors where transcriptional and translational 
initiation and termination signals are present and one or 
more restriction sites are available for insertion of a struc- 
tural gene. In addition, the vectors normally have one or 
more markers which allow for selection of host cells which 
contain the expression vector. The marker may provide for 
prototrophy to an auxotrophic host; biocide resistance, e.g., 
resistance to antibiotics, such as G418, or heavy metals, such 
as copper; or the like. If desired, expression vectors can be 
prepared by joining the various components, such as the 
replication system, markers, and transcriptional and trans- 
lational regulatory initiation and termination signals in con- 
junction with the fused gene. Frequently, a vector will 
include a prokaryotic replication system, which allows for 
cloning, manipulation, purification, and expansion of the 
desired DNA sequence. 

A wide variety of transcriptional and translational regu- 
latory sequences may be employed, depending upon the 
nature of the host. The transcriptional and translational 
regulatory signals may be derived from viral sources, such 
as adenovirus, bovine papilloma virus. Simian virus, or the 
like, where the regulatory signals are associated with a 
particular gene which has a high level of expression. 
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Alternatively, promoters from mammalian expression nogenicity can be produced, the chimeric receptors can find 

products, such as actin, collagen, myosin, etc., may be //use in therapy, for passive irnmunizatjonf for in vivo 

employed. Transcriptional initiation regulatory signals may imaging, for specific treatment ui diseased ceils, or the like. 

be selected which allow for repression or activation, so that For in vivo imaging, the chimeric antibody will normally be 

expression of the fused genes can be modulated. Of interest 5 conjugated to a radionuclide, e.g., technetium, rhenium, or 

are regulatory signals which are temperature-sensitive so ^ ^ For biocidal activity, the antibody may be joined to 

that by varying the temperature, expression can be repressed ^ A-portion of toxins, liposomes containing biocidal 

or initiated, or are subject to chemical regulation, e.g., reagents, radionuclides, or other biocidal agent. 

metabolite Alternatively, the antibodies can be used in combination 

Anrtfl ' T _^,_ nMA _ f • • + . f j tn with the host immune system, e.g., complement, due to the 

Once the vector DNA sequence containing the fused gene 10 r . J ^ , ° . tT . . ... 

- . . * • *u ^vt * . u presence of the native constant region. In vitro, the subject 

nas oeen prepared ror expression, tne uina construct may oe ' chimcric 

can be used in conjunction with comple- 

mtroduced uito an appropriate host. Various techniques may mem t0 remoye ^colar cells from a of ^ 

be employed, such as protoplast fusion, calcium phosphate- where ^ cells have a Ugand complementary to the 

precipitation, or other conventional technique. After the binding site of the chimeric antibody. 

fusion, the cells are grown in a selective medium or are 15 The foUowing examples are offered by way of illustration 

phenotypically selected leaving only cells transformed with anc j no t by wav 0 f limitation. 

the DNA construct. Expression of the fused gene results in ttyav/idt r 

assembly to form the receptor. To date, expression has been 

accomplished in lymphocytes. Materials and Methods 

The host cells will for the most part be immortalized cells, 20 Chimeric Genes 
particularly myeloma or lymphoma cells. These cells may be t^The cloned S 107 variable region (heavy) (VH) and SI 07 
grown in an appropriate nutrient medium in culture flasks or Vk variable region (light, kappa) genes were Obtained from 
injected into a syngeneic host, e.g., mouse or rat, or immu- WTMatthew Scharff (Dept. of Cell Biology, Albert Einstein 
nodeficient host or host site, e.g., nude mouse or hamster /^College of Medicine, Bronx, N.Y. 10641). The S107 VH 
pouch. Particularly, the cells may be introduced into the 25 gene was spliced to human IgGl and IgG2 constant region 
abdominal cavity for production of ascites fluid and har- genes using Sail linkers as shown in FIG. 1A. Both con- 
vesting of the chimeric receptor. Alternatively, the cells may structs were inserted into the vector pSV2AH-gpt (Oi et al„ 
be injected subcutaneously and the antibodies harvested Proc. Natl Acad. Sci. USA (1983) 80:825-829; Mulligan 
from me blood of the host. The cells may be used in the same //and Berg, Science (1980) 209:1422-1427). The S107 Vk 
manner as hybridoma cells. See Diamond et al., N. Eng. J. 30 gene was spliced to the human k gene at a unique HincUII 
Med. (1981) 3034:1344 and Kennatt, McKearn and Bechtol /x^site located in the large intron between the Jk and Ck exons 
(eds.). Monoclonal Antibodies: Hybridomas — A New * as shown in FIG. IB. This chimeric flffit chain gene 
Dimension in Biologic Analysis, Plenum, 1980, which are construct was inserted into both pSV2AH-gpt and pSV2-neo 
incorporated herein by reference. plasmid vectors (Mulligan and Berg, Proc. Natl. Acad. Sci. 

Where a leader is present with a processing signal for 35 USA (1981) 78:2072-2076) and pSV184AH-neo plasmid 
secretion and selective cleavage of the leader (signal) vectors (Oi and Morrison, Biotechniques (1986) 
sequence, the resulting assembled receptor will be secreted 4:214-221), 
into the nutrient medium of the transformed cells and may Transfection 

be harvested. Where secretion does not occur, after sufficient Protoplast fusion and calcium-phosphate (CaP0 4 ) pre- 
time for the receptor to be expressed in reasonable amounts, 40 cipitation techniques (Oi et al., (1983) supra; Sandri-Goldin 
the cells may be killed, lysed, and the receptors isolated and et al„ Mol. Cell. Biol. (1981) 1:743-752; Chu and Sharp, 
purified. Where transcriptional initiation can be modulated. Gene (1980) 13:197-202) were used to transfect these 
the cells may be grown to high density under non-permissive chimeric immunoglobulin genes into the J558L myeloma 
conditions, followed by growth under permissive conditions cell line (a lambda (k) light chain producing mouse 
where the receptor is expressed. 45 myeloma cell line) and the non-immunoglobulin-producing 

The receptors may be naturally glycosylated, unnaturally An derivative of the P3 myeloma cell line. Mycophenolic 
glycosylated or be free of glycosyl groups, depending on the acid (Gibco Laboratories, Santa Clara, Calif. 95050) was 
host, conditions of cellular growth and subsequent treat- used for selection of cells transfected with pSV2AH-gpt 
ment. Where a mammalian host cell is employed for vectors as described previously (Oietal., (1983) supra; Ochi . 
expression, usually natural glycosylation will occur. Glyco- 50 et al., Proc. Natl. Acad. Sci. USA (1983) 80:6351-6355). 
sylation can be prevented by an appropriate inhibitor, e.g., G418 (Gibco Laboratories) at 1.0 mg/ml was used for 
tunicamycin. Alternatively, glycosyl groups may be selection of cells transfected with pSV2-neo vectors 
removed by hydrolysis, e.g., enzymatic hydrolysis using (Mulligan and Berg, (1980) supra). 

hydrolases. In expression hosts other than mammalian cells. When both light and heavy chimeric genes were trans- 
unglycosylated or unnatural glycosylated receptors may be 55 fected into the J558L cell line using protoplast fusion 
obtained. techniques, light and heavy chimeric immunoglobulin genes 

The receptor may be isolated and purified in accordance were transfected sequentially using G418 selection for the 
with conventional conditions, such as extraction, chimeric light chain gene vector and mycophenolic acid for 
precipitation, chromatography, affinity chromatography, the chimeric heavy chain gene vector. The protoplast fusion 
electrophoresis, or the like. By employing antibodies spe- 60 transfection procedure used was as described previously (Oi 
cific for the constant region(s). affinity chromatography will et al., (1983) supra). 

allow for concentration and purification of the chimeric Transfection using the calcium phosphate precipitation 
receptor. procedure was done by mixing 40 ug of both chimeric light 

The chimeric receptors can be used in the same manner as and chimeric heavy chain pSV2AH-gpt vectors and trans- 
other receptors for binding to specific ligands in diagnostic 65 fecting a total of 80 ug of plasmid DNA into 5xl0 6 cells, 
assays, affinity chromatography or the like. In addition, Mycophenolic acid was used to select for transformed cell 
because a chimeric receptor of substantially reduced immu- lines as described previously (Oi et al., ( 1983) supra). 
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Antigen-binding from immunoprecipitates of human IgG 2 (K) antibodies pro- 

Phosphocholine (PC) binding of antibody secreted into duced by transfected P3 cell lines. Since the non- 
the culture supernates of transfected cell lines was analyzed immunoglobulin-producing parental P3 cell line does not 
using a solid-phase radioimmunoassay described previously nFoduce endogenous immunoglobulin polypeptide chains. 
(Oi and Herzenberg, Mol Immunol (1979) 16: 1005-1017). s)fe> expecteA only the chimeric mouse:human heavy and light 
PC-binding antibodies in biosynthetically-labeled culture chains are seen on the autoradiograms. 
supernates and cell lysates of transfected cell lines also were Phosphocholine-binding by the chimeric antibody pro- 
analyzed by binding the biosynthetically-labeled antibody to duce^-in the J558L cell line was the result from specific 
PC-coupled to Sepharose 4B (Pharmacia Five Chamicals , [association of the chimeric immunoglobulin light and heavy 
Piscataway, NJ.) and then eluting the bounTOftbodywiui i<f polypeptide chains, i.e., the \fH and Vk domains of the S107 
PC-hapten. The bound and eluted antibody was examined by niyeloma protein connectecPto fflfSan constant region 
SDS-polyacrylamide gel electrophoresis (SDS-PAGE). polypeptides. This was determined by measuring 
Biosynthetic-labeling procedures were done as described EpWnding by immunoglobulins produced by J558L cells 
previously (Oi et al., J. Exp. Med. (1980) 151:1260-1274). J^ ansfected with me ^mouse^m^ chimeric heavy chain 
Idiotype Analysis ' 15 S ene - PC-binding wfS^SVSF observed from antibody 

Three hybridoma anti-idiotope antibodies, obtained from secreted by transfected J558L cells expressing only the 
Dr. Matthew Scharff (Dept, of Cell Biology, Albert Einstein chimeric heavy chain and the endogenous J558L X light 
College of Medicine, Bronx, N.Y.), were used to analyze the chain not snown )- Chimeric antibodies produced in the 
variable heavy- variable light ( VH-VL) domain structure of transfected non-immunoglobulin-producing P3 cell line also 
the chimeric human anti-PC antibodies. These antibodies, 20 were shown t0 bind PC-Sepharose. In view of the low 
recognizing three independent idiotopes, were used to binding affinity of the parental mouse S 107 antibody, analy- 
immunoprecipitate biosynthetically-labeled material eluted /^^s of appropriate polypeptide foldmg of mouseJ^andVK 
with PC from the PC-Sepharose 4B matrix. Immunoprecipi- domains in the novel environment of human consSBr 
tates were analyzed by SDS-PAGE. regions polypeptide chains were done by determining the 

Immunoglobulin' Chain Composition 25 Presence of idiotypes known to occur on the parental S107 

Monoclonal anti-human IgG and anti-human k antibodies PC-binding antibody molecule. Three monoclonal anti- 
5 (Becton-Dickinson Monoclonal Center, Mt View, Calif.) isotope antibodies, each recognizing a distinct epitope on 
I were used to immunoprecipitate biosynthetically-labeled toe light and heavy variable region domains and an epitope 
2 chimeric human anti-PC antibodies for analyses using two- defined by the presence of both light and heavy variable 
dimensional non-equilibrium pH gradient polyacrylamide 30 re g* on domains, were found to react with the mouse:human 
* gel electrophoresis (NEPHGE) (Oi and Herzenberg, (1979) chimeric anti-PC antibodies. This strongly supports the fact 
supra). PC-coupled to Sepharose 4B also was used for ^at the mouse S107 antigen-binding domains have folded 
^ immunoprecipitations. int0 meir intended structures. 

Z Immunoglobulin Heavy Chain Glycosylation Glycosylation of the mouse:human chimeric antibodies in 

Tunicamycin (Calbiochem-Behring, San Diego, Calif.) 35 mouse myeloma cells was analyzed by measuring the rela- 

was used to inhibit asparagine-linked glycosylation of molecular weight (Mi) of antibodies biosynthesized in 

} biosynthetically-labeled antibody from mouse cell lines pro- *ihe presence and absencfm tunicamycin, a known antibiotic 
- ducing mouse:human chimeric immunoglobulins (Oi et al., inhibitor of asparagine-linked glycosylation. Autoradio- 

(1980) supra). PC-binding antibody from tunicamycin- grams of SDS-PAGE analysis of the chimeric heavy and 
£ treated cells was analyzed by SDS-PAGE. Procedures used 40 light chains produced in mouse myeloma cells in the pres- 

for tunicamycin treatment were as described previously (Oi ence or absence of tunicamycin showed the lower relative 
1 et al., (1980) supra). °^ ^ e k eavv chain synthesized in the presence of 

I Chimeric Mouse:Human Antibody Production in Mice tunicamycin as expected if a single N-linked carbohydrate 

Transformed J558L cells producing chimeric mouse:hu- was absent from the polypeptide chain. From these data it is 

man antibody were injected subcutaneously into BALB/c 45 concluded that the mouse myeloma cell appropriately gly- 

mice (10 6 cells/mouse). Sera from tumor-bearing mice were cosylates the human heavy chain. 

analyzed for human anti-PC antibody by a solid-phase When transfected J558L cells producing the human IgG2 

radioimmunoassay described previously (Oi and (k) chimeric anti-PC antibody were grown as a subcutane- 
Herzenberg, (1979) supra) and by immunoelectrophoresis ous tumor in BALB/c mice, analysis of the sera of these 
using a polyclonal anti-human antiserum 50 mice showed significant human IgG2(K) anti-PC binding 

antibody production by radioimmunoassay. Polyclonal anti- 
s human antiserum demonstrated the presence of significant 

, Expression of chimeric mouse V:human C region genes in Quantities of human immunoglobulin in the sera. Based on 
transfected mouse myeloma cells J558L and the non- i^comparison with prior experience with mouse hvbtwkma- 
Ammunoglobulin-producing P3 myeloma cell lines was 55 antibody production in mice, the amount of inimunogSDuun 
/obtained. When both light chain and heavy chain chimeric visualized by immunoelectrophoresis analysis of mice bear- 
\ / genes were transfected into the same cell, tetrameric ( H2L2) ing tumors of the transfected J558L cell line was similar to 

V antigen-binding antibodies were obtained. Autoradtd^ams the lower levels of production seen with other mouse 
of two-dimensional NEPHGE analyses of the chain com- hybridoma tumor cell lines. 

position of biosynthesized and secreted antibody molecules 60 Analysis showed that fewer than about 10% of the trans- 
bound and eluted from phosphocholine-Sepharose showed fected cell lines produced both chimeric heavy and light 
the formation of mixed molecules, including the endog- chain polypeptides. Among transformants generated by pro- 
enously produced J558L k light chain. Each polypeptide toplast fusion, both gpt and neo biochemical markers were 
chain had the expected charge and relative molecular expressed at expected frequencies. However, chimeric light 
weight. Identical two-dimensional gel analyses results were 65 chain expression was infrequent. In co-transfection experi- 
/obtained with immunoprecipitates with monoclonal anti- ments using the CaP0 4 precipitation protocol, the same 

V human K and IgG a ntiod ^s. Similar results were obtained phenomenon was observed. 
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Based on prior experience with co-expression of gene fluorescence emission spectra of bound DNS-lysine. This 
products in transformed cell lines, it appears that the appro- hapten is a sensitive indicator of the dynamic polarity of its 
priate transcriptional or translational controlling elements » / microenvironment Independently derived mouse jgGi anti- 
are absent in either the chimeric light chain gene construct^ DNS antibodies with*different combining sites wlft^lrevi- 
or in the mouse myeloma cell lines used. The mouse V£ 5 ously shown to generate different emission spectra (Reidler 
gene promoter is coupled to the presumed human intronic et al, J. Mol. Biol. (1982) 158:739). The absorption and 
DNA sequences that are homologous to the known mouse emission spectra of DNS-lysine bound to each genetically 
intronic controlling element (ICE) or immunoglobulin engineered antibody was identical to the DNS1 combining 
ancer" element (Morrison and Oi, Ann. Rev. Immunol. site of the parental hybridoma (corrected fluorescence emis- 
(1984) 7:239-256). The chimeric mouse: human heavy 10 sion spectra of each jffinityjgur^ed chimeric antibody were 
chain gene is not constructed in tMsTrlalm^a^TT'n^ontrast, measured using a SK^modeTSoOO fluorescence spectro- 
is expressed efficiently. The mouse heavy chain intronic photometer with 340 nm excitation, essentially as described 
controlling element (ICE) sequences are included and in Reidler, et al., J. Mol. Biol. (1982) 158:739). This 
human sequences excluded in this construct The basis for indicates that each chimeric antibody has a properly folded 
the low level of expression of the light chain is subject to 15 W H domain, despite the heterologous junction between the 
speculation. mouse W H and human or rabbit C W1 domains. Stable trans- 

It is evident from the above results that chimeric fectoma cell lines produced immunoglobulins with heavy 
receptors, as illustrated by immunoglobulins, can be pro- chains of appropriate size and charge as determined by 
duced where the variable regions may be obtained from one two-dimensional sodium dodecyl-sulfate polyacrylamide 
& source and the constant regions obtained from another 20 gel electrophoresis (SDS-PAGE). Immunoglobulins pro- 
host source. Where the immunoglobulins are to be use in duped by each transfectoma cell line were analyzed by 
vivo, this can provide for numerous advantages, sucrT as ^xtflosynthetic labelling, immunoprecipitation and one- or 
reduced immunogenicity, a lower catabolism, and the ability two-dimensiolIaTSBS-PAGE essentially as described by P. 
to fulfill biological effector functions associated with the P* Jones in Selected Methods in Cellular Immunology, B. B. 
constant regions. Furthermore, now that it is shown that 25 Mishell, S! M. Shiigi, Eds. (W. H. Freeman, San Francisco, 
chimeric receptors can be produced, there is the opportunity 1980), pp. 238. Rabbit anti-human IgG anti-sera was pur- 
to prepare chimeric receptors with modification of V, J, and chased rrom Cappel. The recombinant heavy chains are 
D regions so as to modify binding specificity. glycosylated, a post-translation modification known to affect 

biosynthetic labeling in the presence or absence of 
^^x^MFJJi * 30 tunicamycin, an antibiotic known to inhibit asparagine- 

A family of recombinant anti-DNS antibodies was pre- linked glycosylation (Hickman and Kornfeld /. Immunol 
'fA pared by cloning the mouse V H gene expressed in the DNS1 (1978) 121:990; Nose and Wiezell P m&Nad. Acad. Sci. 
(27-44) hybridoma cell line (Dangl et al., Cytometry (1982) (1983) 80:6632; Learner ball Uw* ' W^H'. Molec. Immunol. 
M°^j&4joiS&nj^^ (1985) 22:407). ~ — "* 

IgG^, fgG 3 , IgG 4 , rabbit IgG and mouse Ig^ heavy 35 This Example demonstrates the ability to prepare inter- 
rUalli (JolWliMl legluirgeues. 1 lifese recombinant genes were spe cies chimeric antibodies from additional species using 
W inserted into the eukaryotic expression vector, pSV2(de lta) - ^ previously described techniques as well as the ability to 
f?r H-gpt (Oi et al., BioTechniques (1987) 4:214). Each recom- pro< juce imra-species chimerics. 
Z , binant vector was transfected into a heavy chain loss mutant / 

^ of the DNS1 hybridoma cell line, 27^4.A5C13, or 40 '/ EXAMPLE 3 

^^° 1 "^ anSf ^f n a ^S^^ 8 ^^^ ^ Ig; series of intra-species hybrid mouse Ig^-IgG^ irnmu- 

^ ocUkiK Sra.OtDg^ £oglobulins all with identical light crSSTTO^ariable 

lines (Morrison and Or, Ann] Rev. Immunol. (1984) 2:239). Z _ u , U JT™ 1 ortnrfont ra „:„» 

rrn « ,11 .J r_ . u nxid u u regions were produced. Hybnd heavy chain constant region 

The expressed V w and V*. genes from the DNS1 hybridoma ^ „,™ „ M J u„ ™™kj„ • 

^. \ B , ,, rtrtJ **Sk~ ~ . « , x , n . , gene segments were generated by genetic recombination in 

(Oittai„ Nature (19X4^1 :l36;Rei<ft<xetal. J. Mol. BioL 45 % r jLu*,^ n „ioc^^ ^ m iL vi ^v),^ 

„^ « i r- < , , , fM . E. coh between plasmids carrying mouse Yl and Via gene 

1982) 158:739) were cloned from phage lambda libraries nts . Crossovers occurred throughout these segments 

(Dangl, thesis. Stanford University. SUurford. Calif.) and ^ h ^ fr ^ m he$t in re ^ ons of ^ 

used to construct the vectors shown in FIG. 2. Transfection nucleotide sequence homology. Eleven hybrid proteins were 

by protoplast fusion and selection and screening of trans- b ttansfection of a variant hybridoma ceU line, 
fectomas has been described Oi ettiBioTechmques 50 Jnam0O g )ti ^ p^ced by the transfected cell lines 

supra; Dangl. thesis. Stanford University. Stanford. Cabf.). wefe as * mbled to £ H ^ tetramers and al g 

Anti-DNS antibodies were purified from culture supernate ^ ^ tQ hay . identicaI ^ combinin sites 

by affinity chromatography using a dansyl isomer specific for me fluoresce nt hapten e-<lansyl-L-lysine. Protein 
2-dimemylan^onaphftyl-5-sulfonamide-34ysine ^as absor- A fe used as a rf Fc smicture ^ thesf , variant 

f! (C ^1 dtoAH-Sepharose^B an dfluantThej affinity 55 antibodies was consiste nt with the identity of protein A 
of the DNS 1 combining site for DNS is 17 nM; the binding contact residues withifl ±e Fc Noye , ofs wi{h n£W ^ 
affinity of this isomer is lower by a factor of 10 mafang it j ved functions were atlitcd . demonstrating that 

suitable for use in affinity purification. Removal of bound . „ „,,„ „„,,,„,,,, ^„„,, • „„„.„, r ° „ . 

j. , . J \ , , . improvements over naturally occurring receptors can be 

hapten by dialysis was monitored by fluorescence emission ma <i e 

spectroscopy. Antibodies were pure. >95% and free of 60 

aggregates as determined by size excluSlolHflTomatography Materials and Methods 

(Dangl, thesis, Stanford University. Stanford, Calif.). The Generation of hybrid genes 

chimeric j^jgf^uman immunoglobulin heavy chain vec- , Hybrid C H gene segments coding for polypeptides with an 
tors are aepictea in FIG. 2. The rabbit IgG and mouse IgG 3 y lgG, amino- terminus and an lgG 7 a carboxy-terminus or an 
heavy chain vectors were similarly constructed. < —■ 65 lgG"£, amino- terminus an d' lgjjf " carboxy-terminus were 
The nature of the DNS combining site of the genetically ' generated by adaptation orTne system described by 
engineered antibodies was monitored by measuring the Schneider et al.. Proc. Natl. Acad. Sci. (1981) 
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78:2169-2173. Plasmid pHGXl was constructed by digest- 
ing pBN2 (Nichols and Yanofsky, Proc. Natl. Acad. Sci. 
(1979) 76:5244-5248) with Hindm and PvuH fillin g in the 
overhanging Hindm ends wit h T 4 D NA polymerase, ligat- 
ing Xbal linkers to the flush SBKTand recircularizing the 
plasmid. Plasmids pHGXlC^A and pHGXlC^B were 
generated by digesting py2a.9 with EcoRI and HindUL 
filling in the overhanging ends, ligating Xbal linkers to the 
blunt ends, and inserting the G^-containing fragment into 
Xbal-digested pHGXl. Plasmids pHGXlC^A and 
pHGXlCysJB differ only in the orientation of the inserted 
fragment. Plasmid pHGX2 was constructed by digesting 
pWSl (Schneider et al., Proc. Natl. Acad. ScL (1981) 
78:2169-2173) with Hpal and SalL filling in the overhang- 



10 



heavy chain constant region gene segment into pMLSVgpt 
DNA-V^ in the proper orientation generates a gene encod- 
ing the corresponding variant anti-DNS heavy chain 
polypeptide. Hybrid anti-DNS antibody-producing cell lines 
were generated by transfecting these recombinant vectors 
into a heavy-chain-loss variant of the 27-44 hybridoma cell 
line, designated 27-44 A5C13 (which was provided by Dr. 
D. Parks of Stanford University). Other hybridoma cell lines 
lacking production of the heavy chain could also be used. 
Expression vectors were transfected into 27-44 A5C13 
using the following protoplast fusion procedure. E. coli 
strain HB101 carrying the appropriate plasmid was grown in 
L broth to an OD^ of 0.6-0.7. Plasmid copy number was 
amplified by addition of chloramphenicol (170 mg/1) and 



ing Sail end, ligating Xbal linkers to the flush ends, and 15 incubating cultures overnight Cells from 25 ml of culture 



recircularizing the plasmid. Plasmids pHGX2C 7l A and 
pHGX2C yi B were generated by digesting P yl with Kpnl 
and ligating the C^-containing fragment to Xbal-digested 
pHGX2. Plasmids pHGX2C yl A and pHGX2C yl B differ 
only in the orientation of the inserted fragment. 

E. coli strain W3110 trpR AtrpEA2 tnaA2 rna-19 was 
transformed with both pHGXlCyz^A and pHGXlC^A or 
pHGXlC^ and pHGXlC yl B to chloramohenicol resis- 
tance (CirO and ampicillin resistance (AmpO. Single colo- 



were harvested by centrifugation and gently resuspended in 
1.25 ml of ice cold 20% sucrose, 50 mM Tris-HCl pH 8.0. 
Freshly prepared lysozyme solution (0.25 ml at 5 mg/ml in 
0.25M Tris-HCl pH 8.0) was added and the suspension 
20 incubated for 6 minutes on ice. A 0.5 ml aliquot of 0.25 mM 
EDTA pH 8.0 was added and the mixture was incubated for 
5 minutes on ice. Following addition of 0.5 ml of 50 mM 
Tris-HCl pH 8.0, the cells were incubated for 10 minutes at 
37° C. The bateria were then diluted with 10 ml of RPMI 



nies were transferred to L broth containing chloramphenicol 25 1640 mediulrWHpplemented to 10% sucrose and 10 mM 
(20 mg/1) and ampicillin (100 mg/1) and grown overnight. 
Cells were collected by centrifugation, washed with Vogel- 
Bonner minimal medium (Vogel and Bonner, J. Biol. Chem. 
(1956) 218:97-106), and plated on minimal plates supple- 
mented with glucose (0.4%), acid-hydrolyzed casein (0.5%), 30 
indole (10 mg/1) and chloramphenicol. Individual colonies 
were transferred to identical liquid medium and grown 
overnight. Plasmid DNA was extracted from these cultures, 
and the monomeric double crossover plasmids isolated by 



MgCl 2 and warmed to 37° C. After incubation for 10 
minutes at room temperature, the protoplasts were used for 
fusion. 

The 27^4 A5C13 cell line was grown to a density of 0.3 
to lxlO 6 cells/ml in RPMI 1640 medium containing 1.0- 
mM sodium pyruvate, 2.0 mM L-glutamine, 50 mM 
p-mercaptoethanol, 10% fetal calf serum (FCS), and 1% 
NuSerum™ (Collaborative Research, Lexington, Mass.). 
Cells (2x1 0 7 ) were harvested by centrifugation and resus- 



size fractionation using agarose gel electrophoresis. DNA 35 pended in 1 ml. of RPMI 1640 medium with supplements, 

from monomeric plasmid fractions was used to transform E. After addition of 3 ml of protoplast suspension, the cells 

coli W3110 trpR AtrpEA2 tnaA2 rna-19 to Trp + and CnT. were pelleted by centrifugation; The pellet was resuspended 

Transformants were screened for ampicillin sensitivity by slowly adding 1 ml of 45% polyethylene glycol (PEG) in 

(AmpO by replica plating. RPMI 1640 medium without supplements (warmed to 37° 

The crossover site generating each hybrid was located by 40 C.) while mixing gently for 1 to 2 minutes. Nine milliliters 

restriction enzyme analysis. Precise crossover junctions of 37° C. RPMI medium without supplements were added 

were identified by DNA sequencing by the method of slowly to dilute the PEG solution. The suspension was 

£/Maxam an d Gilbert Methods EnymoL (1980) 65:499-560 or centrifuged and the pellet resuspended in 12 ml of RPMI 

Sanger ana Jjourson, Proc. Natl. Acad. Sci. (1977) 1640 medium. Cells were then dispensed into a 24-well plate 

74:5463-5467 using M13mp9 (Messing and Vieira, Gene 45 in 0.5 ml aliquots. The following day, 1 ml of RPMI 1640 

(1982) 19:269-276) to generate single-stranded DNA tern- medium was adtied to each well. Two days after fusion, 

plate, transfected cell lines were selected in medium containing 1 

An additional variant heavy chain gene, one lacking the mg/1 mycophenolic acid, 15 mg/1 hypoxanthine, and 200 

hinge region exon. also was constructed. The Xbal ends of mg/1 xanthine. Cultures were fed with 1 ml of selection 

fragments containing C H gene segments were filled in and 50 medium as needed. 



converted to Sail ends with linkers. These fragments were 
ligated into the Sail site of pMLSVgpt DNS- V^. A y^ heavy 
chain constant region with a hinge exon deletion was 
constructed by removing a Stul-Smal fragment from an 
expression vector carrying the y^ C H coding region. This 
plasmid is designated pMLSVgpt DNS-V^^A hinge. 
Transfection of Hybrid Heavy Chain Genes 

Plasmids designed to express anti-DNS hybrid heavy 
chain genes were constructed as described above. The 



Protein Characterization 

Antibodies from transfected cell lines were 
bio synthetically -labelled with [ 35 S] -methionine in the 
absence and prese'nSe^of tunicamycin. Antibodies were 
55 immunoprecipitated with rabbit anti-mouse immunoglobu- 
lin antisera and analyzed by SDS-polyacrylamide gel elec- 
trophoresis (SDS-PAGE), two-dimensional non-equilibrium 
pH gradient gel electrophoresis, and two-dimensional non- 
reducing-reducing polyacrylamide gel electrophoresis 



pMLSVgpt DNA-V^ contains the E. coli xanthine-guanine 60 (Goding, Handbook of Experimental Immunology, Vol. 1 



phosphoribosyltransferase gene (gpt) which is used to 
biochemically-select transfected mammalian cells 
(Mulligan and Berg, Proc. Natl. Acad. Sci. (1981) 
78:2072-2076). The heavy chain variable region (V H ) gene 
segment from the anti-DNS hybridoma 27-44 (Dangi et al.. 
Cytometry (1982) 2:395^01) is located upstrearnoFthe C H 
gene insertion site. Hence ligation of each recombinant 
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Blackwell Scientific Publications, Oxford (1986) 
20:1-20.33). Fluorescence emission spectra of hybrid anti- 
DNS antibodies bound to e-dansyl-L-lysine were measured 
using 340 nm excitation on a SLM model 8000 fluorescence 
spectrophotometer. 

Production and Purification of Genetically Engineered Anti- 
bodies 
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Hybrid anti-DNS antibodies were purified from sera of Precise crossover points were determined by DNA 

tumor-bearing mice or from culture supernates of trans- sequencing. The amino acid sequences of the parental IgGi 

fecte>i cell lines grown in serum-free medium (Hana and IgG^ polypeptides as well as the deduced seqUWIU"* 

Biologicals, Berkeley, Calif.). Hybridoma cell lines 27^4 juncMl!> of the ten recombinant heavy chains were deter- 

fSand 27-13 were used to produce parental IgOr , an d IgG 2 a 5 mined. Nine of the ten hybrid genetic segments appear to 

anti-DNS antibodies (Dangl et aL, Cymrdelry -^ozj have been generated by single crossover events, while 

2:395-401). y.y - _1 appears to have arisen by a triple exchange within 

Anti-DNS antibodies were purified by affinity chroma- the Q l and M exons ^ length of 

tography using a J)NS analog ^ (2-toetiiylaminonaphthyl-5- nucleotide sequence identity between C yl and gene 

sulfonyl chloride; Molecular ^Probes. Eugene, Oreg ) JQ ^ ^ exch occuire £ varie dfSm5to 

coupled to AH-Sepharose 4B (Pharmacia. Piscataway, N.J.). J! & 

N-(5-Carboxypentyl)-2-dimethylaminonaphthyl-5- 11 Dase pmrSt 

sulfonamide was used to elute bound antibody. Expression of Recombinant Immunoglobulins Genes 
Protein A Binding All eleven heavy chain genes are expressed when trans- 
Binding of each hybrid anti-DNS antibody to Staphylo- fected into the 27-44 A5C13 cell line. SDS-PAGE analyses 
coccus aureus protein A was measured at pH 7.0. Purified 15 snow that each cell line synthesizes and secretes, in addition 
protein A (Pharmacia) and a two-fold molar excess of IgG to li^lfchain (L), an immunoglobulin heavy chain (H) 
were incubated in 150 mM sodium phosphate pH 7.0 for ^j J^^^^t 0 f the appropriate relative molecular weight 
minutes at room temperature. IgG-protein A complexes were^ (Mr) Two-dimensional nonequilibrium pH gradient gel 
analyzed using Superose 6 column chromatography flUfrophoresis analysis confirmed the identity of theendog- 
(Pharmacia). 20 enQUS p roducec i by each transfected cell line, as 
Results well as the expected charge (deduced from the amino acid 
Generation of Hybrid C H Genes sequence) for each recombinant heavy chain polypeptide. 

Genetic recombination between pHGXlC^A and Each recombinant antibody, when synthesized in the pres- 

HGXlCyiA or pHGXlC^^ and pHGXlC y^B yielded ence of tunicamycin showed an altered mobility upon reduc- 

, TRP* colonies at frequencies similar W'tffJMqM Uid previ- 25 ing SDS-PAGE relative to each antibody synthesized in the 

ously (Schneider et aL, supra). Th e Tit/ phenotype results absence of tumicamycin indicating that each heavy chain is 

i from a single crossover between trpB segments in the two glycosylated. 

' parental plasmids to generate an intact, functional gene. The //The DNS fluorescence emission spectrum of all eleven 

1 single crossover produces a dimeric plasmid, containing the ^ Recombinant antibodies are identical to the hybridoma IgG x 

entire genetic material of both starting plasmids. The an d igG^ anti-DNS antfrxxly fluorescence emission specWST 

dimeric trpB + Cm r Amp r plasmid is expected to sustain a This accurate and sensitive means of identifying the 

J second recombinational event in any region of homology. A antigen-combining sites of anti-DNS antibodies (Reidler et 

T second crossover, between C Y 1 and Gj2a gene segments, aL. J. Mol Biol (1982) 158:739-746, Qi et aL, Nature 

yields a monomeric trpB + Cm r Amp* plasmid with a hybrid 35 (1984) 307:136-140) and demonstrates that the original 

C H segment. Transformation of E. coli W3110 trpR DNS combining sites have been re-created in the hybrid 

, AtrpEA2 tnaA2 ma- 19 with size-fractionated monomeric antibodies. 

{ plasmid DNA from trpB + cells, foUowed by selection for interchain Disulfide Bridges 

Trp + and Cm r , yielded only monomeric trpB + Cm r Amp* _ , . tl . , ^ XTC .... _ 

^mm .j . . . J , . ... n ^ . ^ Each genetically engineered anti-DNS antibody was 

* pnffmids that always earned hybnd C„ gene segments. " ^ " TT / * . ^ . , . 

pa.iuiu.ui j.tj- jvu^^. + 40 assembled into H,L, tetramers as determined using Super- 
Seventy independently derived hybrid C H gene segments 2 2 f . t 

a *JL +a- u- *X ose 6 column chromatography. The presence of interchain 

were recovered. Ten of the most diverse recombinant immu- J- a • < - „ CT ^ C 

x . , , , . , . . disulfide bridges was ascertained usmg non-reducing SDS- 

" noglobukn heavy chain constant region gene segments were ^ A ™ u i^a • 1 u i- u ~ ^^r*^, 

1 - r ^ , 0 . . x fU r . . PAGE. Eight of ten hybnd immunoglobulins have mobilities 

selected for further study. Six have an amino-terminus r 9^ B „ _ u 6 . „ T . „ „ 

. T / /a * aim a „, -2 through Ltfiaracteristic of H 2 L, molecules, having both H-L and H-H 

and an IgG^ carboxy-terrmnus (designaied y.y^ ^ 8 A ir 2 2 . . b „„^-u rt ^, r 

^ - • u* * 1 1 + a 45 disulfide bridges. Analysis of the hingeless IgG^ antibody 

-7). Five Ul llfbse six recombinant molecules were generated u „t i , , - u f*g^i t 

-- - . ^, ^ ~ ^, . aU * j u shows H-L molecules and the absence of ti\L 7 retramers. 

^^ffTcrossovers in the C H 2 exon; the sixth was generated by " A . +u + • u u 

• *u • ^ u +, + u r- 1 This was expected since the cystemes forming the H-H 

/crossover m the mtton between the C^land .hinge exons. * ' £ ^ ^ 

VrP l e u"f < desl f^ d ^ . ) IgG^- remaini h * rid infflUinotfob|lIills hav t unu B suai disumde 

v IgGi hybrids; one generated by a crossover in the C^TerPTT ^ s 

ana me other by a crossover in the intron between the C H l n ^ es * 

and hinge exons. Two other recombinants (Y^ -4 and " 8 ) Protein A Binding 

were included for study as controls. They encode parental y L The protein A binding of each of the eleven variant 

and heavy chain polypeptides and arose from crossovers antibodies was assessed and used as a probe of Fc structural 

in DNA sequences flanking immunoglobulin coding regions. integrity. Table 1 summarizes the results of this analysis. 



TABLE 1 



Amino acid residues at positions of protein A 
contact and protein A binding of hybrid and hinge dele- 
ted antibodies. 



Contact Residues Protein A 



Antibody 252 253 254 308 309 310 311 312 433 434 435 436 Binding 



YiY2*" 1 (I«G2a) Met He Ser lie Gin His Gin Asp His Asn His His + 
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TABLE 1-continued 



Amino acid residues at positions of protein A 
contact and protein A binding of hybrid and hinge dele- 
ted antibodies. 



Contact Residues Protein A 



Antibody 


252 


253 


254 


308 309 310 311 312 433 434 435 436 


Binding 


Y1Y2." 3 










+ 


IgG^Ahinge 










+ 


YiY2."*(IgGl) 


Thr 




Thr 


- Met - -- -- - - 




YiYaf 6 


Thr 




Thr 


-Met - - - - -- - 




YlY2a" ? 


Thr 




Thr 


Met 




Y1Y1" 1 


Thr 




Thr 


-Met - - - - - ' - 




Y1Y1" 2 


Thr 




Thr 


-Met - -- -- -- 




YifeT* 


Thr 




Thr 






YiYza"^ 5 


Thr 




Thr 







Contact residues in are given. EU numbering is used 



All publications and patent applications mentioned in this 
specification are indicative of the level of skill of those 
skilled in the art to which this invention pertains. All 
publications and patent applications are herein incorporated 
by reference to the same extent as if each individual publi- 
cation or patent application was specifically and individually 
indicated to be incorporated by reference. 

The invention now being fully described, it will be 
apparent to one of ordinary skill in the art that many changes 
and modifications can be made thereto without departing 
from the spirit or scope of the appended claims. 

What is claimed is: 

1. A method for producing a functional immunoglobulin 
comprising a heavy chain and a light chain, which comprises 
the steps of: 

(a) txansfecting a transformed mammalian lymphocytic 
cell with a first DNA molecule coding for a first chain 
of the immunoglobulin; 

(b) txansfecting the cell with a second DNA molecule, said 
second DNA molecule coding for a second chain of the 
immunoglobulin, said second chain being a chain other 
than the first chain and said first and second chains 
being either the heavy chain or the light chain; and 

(c) maintaining the cell in a nutrient medium, so that the 
cell expresses the first and second DNA molecules and 
the resultant chains are intracellularly assembled 
together to form the immunoglobulin which is then 
secreted in a form capable of specifically binding to 
antigen 

wherein prior to step (a) the cell does not express a func- 
tional immunoglobulin capable of specifically binding anti- 
gen. 

2. A method as recited in claim 1 wherein the cell is 
transfected via protoplast fusion. 

3. A method as recited in claim 1 wherein the cell is 
transfected via calcium phosphate precipitation. 

4. A method as recited in claim 1 wherein the cell is a 
myeloma cell. 

5. A method as recited in claim 4 wherein the cell is a 
murine myeloma cell. 

9. A method as recited in claim 1 wherein the cell does not 
ejfdogenously produce any immunoglobulin chains. 
/ 7. A method as recited in claim 6 wherein the cell is a 
murine/P^ell. 

8. ATnemod as recited in claim 1 wherein prior to step (a) 
the cell endogenously produces an immunoglobulin light 
chain or an immunoglobulin heavy chain, but not both. 



9. A method as recited in claim 8 wherein the cell is a 
murine J558L cell. 

10. A method as recited in claim 1 wherein the immuno- 
globulin comprises the variable region found in a first 
mammalian species and comprises the constant region found 
in a second mammalian species, said second mammalian 
species being other man the first mammalian species. 

11. A method for producing a functional immunoglobulin 
comprising a heavy chain and a light chain, which comprises 
the steps of: 

30 (a) transfecting a transformed mammalian lymphocytic 
cell with a plasmid comprising a first DNA molecule 
coding for a first chain of the immunoglobulin and a 
second DNA molecule coding for a second chain of the 
immunoglobulin, said second chain being a chain other 
35 than the first chain and said first and second chains 
being either the heavy chain or the light chain; and 
(b) maintaining the cell in a nutrient medium so that the 
cell expresses said first DNA molecule and said second 
DNA molecule and the resultant chains are intracellu- 
40 larly assembled together to form the immunoglobulin 
which is then secreted in a form capable of specifically 
binding to antigen 
wherein prior to step (a) the cell does not express a func- 
tional immunoglobulin capable of specifically binding anti- 
45 gen. 

12. A method as recited in claim 11 wherein the cell is 
transfected via protoplast fusion. 

13. A method as recited in claim 11 wherein the cell is 
transfected via calcium phosphate precipitation. 

50 14. A method as recited in claim 11 wherein the cell is a 
myeloma cell. 

15. A method as recited in claim 14 wherein the cell is a 
murine myeloma cell. 

16. A method as recited in claim 11 wherein the cell does 
55 notjerffiogenously produce any immunoglobulin chains. 

/^17. Amethod as recited in claim 16 wherein the cell is a 
^miirmeffyyli. 

18. ATnethod as recited in claim 11 wherein prior to step 
(a) the cell endogenously produces an immunoglobulin light 

60 chain or an immunoglobulin heavy chain, which 
endogenously-produced heavy chain is not secreted in a 
form capable of specifically binding to antigen, but not both. 

19. A method as recited in claim 18 wherein the cell is a 
murine J558L cell. 

65 20. A method as recited in claim 11 wherein the immu- 
noglobulin comprises the variable region found in a first 
mammalian species and comprises the constant region found 
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in a second mammalian species, said second mammalian 
species being other than the first mammalian species. 

21. A method for producing a functional immunoglobulin 
comprising a heavy chain and a light chain which comprises 
the steps of: 

(a) maintaining in a nutrient medium a transformed mam- 
malian lymphocytic cell, said cell having been trans- 
fected with a first DNA molecule coding for a first 
chain of the immunoglobulin and a second DNA mol- 
ecule coding for a second chain of the immunoglobulin, 
said second chain being a chain other than the first 
chain and said first and second chains being either the 
heavy chain or the light chain; 

(b) expressing from said cell the heavy chain and the light 
chain functionally assembled together to form said 
immunoglobulin which is then secreted in a form 
capable of binding antigen; and 

(c) recovering said immunoglobulin wherein prior to 
being transfected, the cell does not express a functional 
immunoglobulin capable of specifically binding anti- 
gen. 

22. A method as recited in claim 21 wherein the cell is 
transfected via protoplast fusion. 

23. A method as recited in claim 21 wherein the cell is 
transfected via calcium phosphate precipitation. 

24. A method as recited in claim 21 wherein the cell is a 
myeloma cell. 

25. A method as recited in claim 24 wherein the cell is a 
murine nweloma cell. 

2^Alnethod as recited in claim 21 wherein the cell does 
endogenously produce any immunoglobulin chains. 

27. A method as recited in claim 26 wherein the cell is a 
murine/P^ cell. 

28. jtmethod as recited in claim 21 wherein prior to being 
transfected the cell endogenously produces an immunoglo- 
bulin light chain or an immunoglobulin heavy chain, but not 
both. 

29. A method as recited in claim 28 wherein the cell is a 
murine J558L cell. 

30. A method as recited in claim 21 wherein the immu- 
noglobulin comprises the variable region found in a first 
mammalian source and comprises the constant region found 
in a second mammalian species, said second mammalian 
species being other than the first mammalian species. 

31. A method for producing a functional antigen-binding 
protein comprising 

i) a first chain comprising an immunoglobulin heavy 
chain variable domain and an immunoglobulin heavy 
chain constant domain and 

ii) a second chain comprising an immunoglobulin light 
chain variable domain and an immunoglobulin light 
chain constant domain, 

wherein the method comprises the steps of: 

(a) transfecting a transformed mammalian lymphocytic 
cell with a first DNA molecule coding for the first 
chain of the protein; 

(b) transfecting the cell with a second DNA molecule, 
said second DNA molecule coding for the second 
chain of the protein; and 

(c) maintaining the cell in a nutrient medium, so that 
the cell expresses the first and second DNA mol- 
ecules and the resultant chains are intracellularly 
assembled together to form the protein which is then 
secreted in a form capable of specifically binding to 
antigen 

wherein prior to step (a) the cell does not express a func- 
tional antigen-binding protein. 
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32. A method as recited in claim 31 wherein prior to step 
(a) the cell does not endogenously produce any immuno- 
globulin chains. 

33. A method as recited in claim 31 wherein prior to step 
(a) the cell endogenously produces an immunoglobulin light 
chain or an immunoglobulin heavy chain, but not both. 

34. A method as recited in claim 31 wherein the first chain 
comprises a constant region. 

35. A method as recited in claim 31 wherein the heavy and 
light chain variable domains are from a first mammalian 
species and the heavy and light chain constant domains are 
from a second mammalian species, said second mammalian 
species being other than the first mammalian species. 

36. A method as recited in claim 34 wherein the heavy and 
light chain variable domains are from a first mammalian 
species and the heavy and light chain constant regions are 
from a second mammalian species, said second mammalian 
species being other than the first mammalian species. 

37. A method for producing a functional antigen-binding 
protein comprising 

i) a first chain comprising an immunoglobulin heavy 
chain variable domain and an immunoglobulin heavy 
chain constant domain and 

ii) a second chain comprising an immunoglobulin light 
chain variable domain and an immunoglobulin light 
chain constant domain, 

wherein the method comprises the steps of: 

(a) transfecting a transformed mammalian lymphocytic 
cell with a plasmid comprising a first DNA molecule 
coding for the first chain of the protein and a second 
DNA molecule coding for the second chain of the 
protein; and 

(b) mamtaining the cell in a nutrient medium so that the 
cell expresses said first DNA molecule and said 
second DNA molecule and the resultant chains are 
intracellularly assembled together to form the pro- 
tein which is then secreted in a form capable of 
specifically binding to antigen 

wherein prior to step (a) the cell does not express a func- 
tional immunoglobulin capable of specifically binding anti- 
gen. 

38. A method as recited in claim 37 wherein prior to step 
(a) the cell does not endogenously produce any immuno- 
globulin chains. 

39. A method as recited in claim 37 wherein prior to step 
(a) the cell endogenously produces an immunoglobulin light 
chain or an immunoglobulin heavy chain, but not both. 

4Q. A method as recited in claim 37 wherein the first chain 
ses a constant region. 

41. A method as recited in clai m 39 wherein the antigen- 
binding protein comprises the heav^and light chain variable 
domains are from a first mammalian species and comprises 
the heavy and light chain constant domains are from a 
second mammalian species, said second mammalian species 
being other than the first mammalian species. 

42. A method as recited in claim 40 wherein the antigen- 
binding protein comprises the heavy and light chain variable 
domains are from a first mammalian species and comprises 
the heavy and light chain constant regions are from a second 
mammalian species, said second mammalian species being 
other than the first mammalian species. 

43. A method for producing a functional antigen-binding 
protein comprising 

i) a first chain comprising an immunoglobulin heavy 
chain variable domain and an immunoglobulin heavy 
chain constant domain and 

ii) a second chain comprising an immunoglobulin light 
chain variable domain and an immunoglobulin light 
chain constant domain. 
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wherein the method comprises the steps of: 

(a) maintaining in a nutrient medium a transformed 
mammalian lymphocytic cell, said cell having been 
transfected with a first DNA molecule coding for the 
first chain of the protein and a second DNA molecule 
coding for the second chain of the protein; 

(b) expressing from said cell the first and second chains 
functionally assembled together to form said protein 
which is then secreted in a form capable of binding 
antigen; and 

(c) recovering said antigen-binding protein, 
wherein prior to being transfected, the cell does not 

express a functional immunoglobulin capable of 
specifically binding antigen. 

44. A method as recited in claim 43 wherein prior to step 
(a) the cell does not endogenously produce any immuno- 
globulin chains. 

45. A method as recited in claim 43 wherein prior to step 
(a) the cell endogenously produces an immunoglobulin light 
chain or an immunoglobulin heavy chain, but not both. 

46. A method as recited in claim 43 wherein the first chain 
comprises a constant region. 

47. A method as recited in claim 43 wherein the heavy and 
light chain variable domains are from a first mammalian 
species and the heavy and light chain constant domains are 
from a second mammalian species, said second mammalian 
species being other than the first mammalian species. 

48. A method as recited in claim 46 wherein the heavy and 
light chain variable domains arc from a first mammalian 
species and the heavy and light chain constant regions are 
from a second mammalian species, said second mammalian 
species being other than the first mammalian species. 

49. A transformed mammalian lymphocytic cell produc- 
ing a functional antigen-binding protein comprising 

i) a first chain comprising an immunoglobulin heavy 
chain variable domain and an immunoglobulin heavy 
chain constant domain and 

ii) a second chain comprising an immunoglobulin light 
chain variable domain and an immunoglobulin light 
chain constant domain, 

wherein the transformed mammalian lymphocytic cell 
comprises: 

(a) a first exogenous DNA molecule coding for the first 
chain of the protein; and 

(b) a second exogenous DNA molecule, said second 
DNA molecule coding for the second chain of the 
protein; 

wherein without the exogenous DNA molecules the cell 
does not express a functional antigen-binding protein. 

50. A transformed mammalian lymphocytic cell as recited 
in claim 49 wherein without the exogenous DNA molecules 
the cell does not endogenously produce any immunoglobu- 
lin chains. 

51. A transformed mammalian lymphocytic cell as recited 
in claim 49 wherein without the exogenous DNA molecules 
the cell endogenously produces an immunoglobulin light 
chain or an immunoglobulin heavy chain, but not both. 

52. A transformed mammalian lymphocytic cell as recited 
in claim 49 wherein the first chain comprises a constant 
region. 
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53. A transformed mammalian lymphocytic cell as recited 
in claim 49 wherein the heavy and light chain variable 
domains are from a first mammalian species and the heavy 
and light chain constant domains are from a second mam- 
malian species, said second mammalian species being other 
than the first mammalian species. 

54. A transformed mammalian lymphocytic cell as recited 
in claim 52 wherein the heavy and light chain variable 
domains are from a first mammalian species and the heavy 
and light chain constant regions are from a second mam- 
malian species, said second mammalian species being other 
than the first mammalian species. 

55. A transformed mammalian lymphocytic cell produc- 
ing a functional antigen-binding protein comprising 

i) a first chain comprising an immunoglobulin heavy 
chain variable domain and an immunoglobulin heavy 
chain constant domain and 

ii) a second chain comprising an immunoglobulin light 
chain variable domain and an immunoglobulin light 
chain constant domain, 

wherein the transformed mammalian lymphocytic cell 
comprises: 

a plasmid comprising a first exogenous DNA molecule 
coding for the first chain of the protein and a second 
exogenous DNA molecule coding for the second chain 
of the protein; and 
wherein without the exogenous DNA molecules the cell 
does not express a functional antigen-binding protein. 

56. A transformed mammalian lymphocytic cell as recited 
in claim 55 wherein without the exogenous DNA molecules 
the cell does not endogenously produce any immunoglobu- 
lin chains. 

57. A transformed mammalian lymphocytic cell as recited 
in claim 55 wherein without the exogenous DNA molecules 
the cell endogenously produces an immunoglobulin light 
chain or an immunoglobulin heavy chain, but not both. 

58. A transformed mammalian lymphocytic cell as recited 
in claim 55 wherein the first chain comprises a constant 
region. 

59. A transformed mammalian lymphocytic cell as recited 
in claim 55 wherein the heavy and light chain variable 
domains are from a first inammalian species and the heavy 
and light chain constant domains arc from a second mam- 
malian species, said second mammalian species being other 
than the first mammalian species. 

60. A transformed mammalian lymphocytic cell as recited 
in claim 58 wherein the heavy and light chain variable 
domains are from a first mammalian species and the heavy 
and light chain constant regions are from a second mam- 
malian species, said second mammalian species being other 
than the first mammalian species. 

61. A transformed mammalian lymphocytic cell produced 
by steps (a) and (b) of claim 31. 

62. A transformed mammalian lymphocytic cell produced 
by step (a) of claim 37. 



